Google 



This is a digital copy of a book lhal w;ls preserved for general ions on library shelves before il was carefully scanned by Google as pari of a project 

to make the world's books discoverable online. 

Il has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one thai was never subject 

to copy right or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often dillicull lo discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher lo a library and linally lo you. 

Usage guidelines 

Google is proud lo partner with libraries lo digili/e public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order lo keep providing this resource, we have taken steps to 
prevent abuse by commercial panics, including placing Icchnical restrictions on automated querying. 
We also ask that you: 

+ Make n on -commercial use of the files We designed Google Book Search for use by individuals, and we request thai you use these files for 
personal, non -commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort lo Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each lile is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use. remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 

countries. Whether a book is slill in copyright varies from country lo country, and we can'l offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through I lie lull lexl of 1 1 us book on I lie web 
al |_-.:. :.-.-:: / / books . qooqle . com/| 



E<W7768 , .7?.73;r 



t 



EDUCATIONAL WORKS. 



Alden's I 
Araald's 
Bils's K 

Hist 



B«J«9H 

(omlng'a 




HARVARD 
COLLEGE 
LIBRARY 



Ctl's Gc , .. „.™„ . ...., , -.Jth. 

DtsdiBDtL's (A. P.) Natural I'lillosophy. Truncated and 
edited, with extensive Additions, by J. D. Everett, Pro- 
fessor of Natural Philosophy in the Queen's College, 
Belfast. Complete in Four Parts. Copiously illus- 
trated : 

Meet antes, Hydrustitlts, and PuchhHIh. 8vo. 



H. I 






III. Dtctrielty. 
IT. Seaod and I.lshl. 8vo. 
— Complete in 1 vol., 8yo. With Problems and 'Index 




3 2044 097 045 348 



EDUCATIONAL WORKS. 



Gillespie's Practical Treatise am Surveying. Copiously illus- 
trated. 1 vol, 8vo. 

Higher Surveying. 1 vol., 8vo. 

Graham's EngUsh Synenymes. Edited by Prof. Reed, of 

Pennsylvania University. 12mo. 
Greene's Histtry af the Middle Ages. 12mo. 
Henslow's Botanical Charts, adapted for Use in the United 
States. By Eliza A. Youmans. Six in set, handsomely 
colored. 
History Primers. Edited by J. R. Green, H. A. : 
Greece. By C. A. Fyffe, M. A. 
Rome. By H. Creighton, H. A. 
Europe. By E. A. Freeman, D. 0. 1., LL. D. 
Old Greek Ufa. By A. J. Mahaffy. S2mo, cloth. 
England. By J. R. Green, M. A. 
France. By Charlotte H. Yonge. 
Hem Pictnres af English Pacta. 
Haw's Shakespearean Reader. 

Hnxley and Yeumang's Elements af Puysialagy and Hy- 
giene. 
Keightley's Mythology af Greece and Rome. 
Krusl's Inventive and Free-Hand Drawing. 

Synthetic Series. Four Books and Manual. 

Analytic Series. Six Books and Manual. 

Perspective Series. Four Books and Manual. 

Advanced Perspective and Shading Series. Four 

Books and Manual. 

Textile Desizns. By Prof. Chas. Kastner, Massachu- 



setts Institute of Technology. Six Books. 

— Outline and Relief Designs. By Prof. E. C. Cleaves, 

Cornell Universitv. 

Mechanical Drawing. By Prof. F. B. Morse, Massa- 



chusetts Institute of Technology. 

— Architectural Drawing. By Prof. Chas. Babcock, 
Cornell University. Nine Books. 

— Machinery. By Prof. J. E. Sweet, Cornell University. 
(In preparation.) 

— Civil Engineering. (In preparation.) 

— Ceramic Art. (In preparation.) 
Interior Decorations. (In preparation.) 



Latham's Hand-Beok af the English Language. 
Liddell and Scott's Greek-English Lexicon. Abridged. 



THE ELEMENTS 



or 



PLANE AND SPHERICAL 



TRIGONOMETRY. 



BT 

EUGENE L. RIOHAEDS, B. A., 

assistant FBoraasoR or kathimatics ih tali collioi. 



NEW YORK: 
D. APPLETON AND COMPANY, 

549 AND 551 BROADWAY. 
1879. 



• 



i«j « . . . -^ .4i 

\ r i 

SEP lb 1^4-1 



COPYRIGHT BY 

D. APPLETON AND COMPANY. 

18T9. 



PREFACE. 



In the following pages the author has aimed to 
make the subject of Trigonometry plain to beginners, 
and has, therefore, devoted a great deal of space to the 
elementary definitions and to the application of them. 

Spherical Trigonometry is a subject so difficult to 
grasp, that any treatise on it designed for beginners 
should, in the opinion of the writer, make frequent use 
of diagrams, to convey to the student a clear idea of 
the relations of the magnitudes under treatment. Con- 
sequently, this kind of illustration has been applied 
wherever it could be of any possible assistance. 

The references are to " Todhunter's Euclid " and to 
" Chauvenet's Geometry." 

The answers to examples have been obtained by 
means of six-place tables. 
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ELEMENTS OF PLANE TRIGONOMETRY. 



CHAPTEE I. 



BOMB INSTRUMENTS USED X IN DRAWING. 



For the right representation of the magnitudes of 
which Trigonometry treats, the following instruments 
will be found useful : 1. A pair of dividers or com- 
passes, having one leg to which can .be adjusted a pen- 
cil, or, if necessary, an ink-point ; 2. A plane-scale. 

One of the simplest scales, and one which is suffi- 
cient for all ordinary drawing purposes, is six inches in 
length, and is made of ivory or of box-wood. It con- 
tains a line or lines of chords, and also lines of equal parts, 
of which the units are of different lengths. 

(a) A line of chords is used for setting off angles. 
It consists of a line, marked from 10° to 90°, and con- 
tains the chords of all arcs from 1° up to 90°. As the 
chord of 60° is equal to radius (Euc. 16, IV. Cor. Ch. 
5, V.), when we wish to lay down an angle of a given 
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number of degrees we describe a circle, from a given 
point, with a radius equal to the length of the line 
measured from the beginning of the line of chords to 
the division marked 60 ; then taking the chord of the 
number of degrees whose angle is required as a radius, 
we place it in the circle. If the extremities of the 
chord be joined to the centre of the circle, the chord 
will subtend the angle required. 

Thus, suppose at a given point in a given line we 
wish to make an angle of 25°. 

Let A be the given 
point in the given line A C, 
at which it is required to 
make an angle of 25°. 
From the line of chords 
"jj — C we take a chord of 60° as 
radius, and with it, from A 
as a centre, describe an arc B D. Then from B as a 
centre, with the line BF 9 as a radius, equal to a chord 
of 25°, taken from the same line of chords, we describe 
an arc intersecting the former arc at F. Join BFmd 
A F. Then FA B is an angle of 25°, since it is at the 
centre of the circle, and subtends an arc of 25°. 

If it is required, at a given point, to make an ob- 
tuse angle of a given number of degrees, we produce 
the line through the given point, and make an angle on 
the line produced equal to the supplement of the given 
angle. 

Thus let it be required to make an angle of 100° 
at the point A in the given line A B. 

Produce the line A B through A. Make A C equal 
to a chord of 60° taken from the line of chords. From 
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A as centre, with A C as radius, describe an arc CE. 
From C as centre, with a radius CE, equal to a chord 
of 80°, taken from the same line of chords, describe an 
arc cutting the former arc at E. Then CAEis an an- 
gle of 80°. But as the angles C A E and E A B are to- 
gether equal to two right angles, or 180°, E A B is equal 
to 100°. 

Also an obtuse angle of a certain number of degrees 




can be made by making two adjacent acute angles, the 
sum of which is equal to the given obtuse angle. 

(Angles of a certain number of degrees and minutes, or degrees, 
minutes, and seconds, can be made only approximately correct by the line 
of chords.) 

(b) A line of equal parts is used for drawing lines 
of a given length, one of the equal parts being taken 
as the unit, or as ten units, or as a hundred units, if 
the line is measured on the decimal system. Lines of 
equal parts are also given, by means of which feet and 
inches can be represented. The unit is then divided 
into twelve equal parts. 

To obtain hundredths of the unit on the plane- 
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scale a device is adopted which will be understood by 
the following figure : 




-Rjc2 y\ 




In the above figure, which represents a part of a 
plane-scale in which the unit of measurement is an 
inch, let 12 She a square of which each side is an inch. 
Let R The divided into ten equal parts, Rx, a? 2, etc. ; 
also let ES and S T be divided into ten equal parts. 
Through the points of division of ST let lines be drawn 
parallel to R T or ES. Let a straight line be drawn 
from R to the first point (E) of division in the line 
ES. Let xTc be drawn from the first point of R T to 
the second point of ES, another line be drawn from 
the second point of R T to the third point of ES, and 
so on. 

Since Rx, x% 2y, etc., are equal and parallel to 
FK, KL, etc., RE, xK, 2 Z, etc., are parallel (Euc. 
33, I. Ch. 32, L). Therefore, the distances on the 
parallels to R T, through 1 and 3, etc., intercepted be- 
tween any two consecutive lines, are equal to the dis- 
tances on the same parallels between any other con- 
secutive two (Euc. 34, I. Ch. 30, I.), and each of these 
distances is equal to y 1 ^ of an inch. 

Again, in the triangle R EF, since a b is parallel to 
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EF. we have, from similar triangles, -=-=, = -=r^= r>; 
' ' 6 ' EF RE 16 

EF 

therefore ab = — ■ ; bat EF= -^ °f an inch; there- 
fore a b = ^ of -^ of an inch, or yj-g- of an inch. 

In a similar manner it can be proved that CD equals 
y!^ of an inch, OP equals -j-j^ of an inch, etc. 

If, on the left of the figure, we take U V equal to 
i inch and divide it into ten equal parts, and divide 
TT4 into ten equal parts, and draw a line from V to 
the first point M of Wi, another line from the first 
point of JJV to the second point of TT4, and so on, we 
can prove g h equal to y^ of £ inch or ^fa of an inch, 
and r 8 equal to -j-f^ of J inch or ^J^ of an inch, etc. 

Suppose, now, we are required to represent a straight 
line of 125 feet, on the scale of 1 00 feet to the inch. 

We draw any line AB ; then placing one point of 
the dividers at &, on the plane-scale, and bringing the 

other to the point A, A B 

the intersection of the ° 

two lines 5 5 and 2 Z, we lay off on A B a line A C 
equal to A. Then A C is the required line, as it is 
equal to 1 inch and -ffo inch, or to |££ of an inch. 

The two instruments described above are all that 
are necessary for drawing lines of a given length, or 
laying down angles of a given number of degrees. 
The following, however, are very convenient instru- 
ments : 

A protractor, for laying down angles, and ^paraUel 
ruler for drawing parallel lines. 

A protractor is a semicircle, usually of brass or 
some other metal, a part of the semicircle being cut 
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out, as the part B CD. The outer rim left is divided 
into degrees, and sometimes into half degrees or even 
smaller parts, the lines of division all converging to a 

notch (A) on the di- 
ameter of the semi- 
circle. The . degrees 
are numbered from 
both left to right and 
right to left, from 10° 
to 170°, or from 10° to 
90°, as in the figure. 
, At a given point in a given line, to lay down an 
angle of a given number of degrees by means of the pro- 
tractor, place the notch, A, at the given point, and the 
line FE coincident with the given line. Then put a 
dot, or point, opposite the given number of degrees, 
on the outer or inner edge of the protractor. A line, 
drawn from this point to the given point, will make 
with the given straight line the required angle. 




& 




A parallel rule consists of two rules joined to- 
gether by two pieces of metal of equal length, at equal 
distances apart. 

To draw a line through a given point parallel to a 
given line, place one edge of one of the rulers coinci- 
dent with the given line, and one edge of the other 
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ruler on the point, and draw the line through the given 
point. It will be parallel to the given line. 

Thus, suppose A to be the given point and B C the 
given straight line. Make the edge of the ruler, J9, 
coincide with B C, and place the edge of the rule, E> 
on the point A. A line drawn through A will be 
parallel to B C. 

The parallel line might also have been drawn by 
placing the upper edge of E on the point, or by placing 
the lower edge of D coincident with the given line B C. 

Example 1. Draw the right-angled triangle of which the hypotenuse 
is 236 feet, and one acute angle is 80°, and find by measurement the base 
and perpendicular. Am. Perpendicular = 118 ; base = 204, nearly. . 

2. Draw the triangle whose two sides are, respectively, 120 and 80, 
and the included angle 42°, and find by measurement the third side. 

Ana. 81, almost. 

3. Draw the right-angled triangle whose sides about the right angle 
are each 345, and find by measurement the hypotenuse. 

4. Draw the triangle of which one side is 421, and the adjacent an- 
gles are 35° and 72°, and find by measurement the other sides. 



OHAPTEE II. 

PLANE TRIGONOMETRY. — DEFINITIONS. 

Article 1 . Trigonometry is that branch of mathe- 
matics which treats of angles, the relations of different 
angles to each other, a/nd the relations of angles to lines, 
surfaces, and solids. 

2. In Plane Trigonometry the angles considered 
are such as are contained by straight lines, and the sur- 
faces considered are plane surfaces. 

3. The Trigonometrical Ratios of an cmgle are 
ratios between the sides of a right-cmgled tricmgle, in 
which, or with respect to which, the angle has a certain 
position. 

The right-angled triangle is called the triangle of 
reference. It is formed by the lines containing the 
angle and a perpendicular to one of the lines, or to one 
of the lines produced, drawn from any point in the 
other line. 

The trigonometrical ratios are six in number. 
4.. We will first consider the trigonomstrical ratios 

of an acute angle. 

Let A be any acute 
angle, formed by the two 
lines A E and A F, meet- 
ing at the point A. 

YnAE take any point 
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C, and from C draw OB at right angles to A F. 
Then there is formed the right-angled triangle ABO, 
the triangle of reference. In this triangle, calling C B y 
the side opposite the given angle, the perpendicular, 
and AB, the side adjacent to the given angle, the 
base — 

(1.) The Sine of an angle is the ratio of the per- 

pendicular to the hypotenuse, 

B C 

Thus, Sine of A (written sin. A) = -tt> 

A G . 

(2.) The Tangent of an angle is the ratio of the 

perpendicular to the base. 

BO 

Thus, Tangent of A (written tan. A) = — =. 

(3.) The Secant of an angle is the ratio of the hy- 
potenuse to the base. 

AG 

Thus, Secant of A {written sec. A) = —r~w 

A B 

(4.) The Cosine of an angle is the ratio of the base 

to the hypotenuse. 

AB 

Thus, Cosine of A (written cos. A) = ~7~n' 

A (y 

(5.) The Cotangent of an angle is the ratio of the 
base to the perpendicular. 

Thus, Cotangent of A (written cot. A, or cotan. A) 
_AB 

~~ BO' 

(6.) The Cosecant of an angle is the ratio of the 
hypotenuse to the perpendicular. 

A G 
Thus, Cosecant of A (written cosec. A) = -jr-z. 

BO 

5. If we take G as the acute angle, A B as the per- 
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pendicular, and B O as the base, we shall have sin. G 

= -r-?/> tan * G = "zT7y> an( ^ sec - G = ~W7f Now, G is 
AC x> 6 x> U 

the complement of -4., as their sum equals 90°. Com- 
paring the cos. A with the sin. G y it will be seen that 

A B 
they are identical, both being -7-7,. Also, tan. G is 

identical with cotan. A, and sec. G with cosec. A. The 
cosine of an angle is, therefore, the sine of its comple- 
ment; the cotangent of an angle the tangent of its com- 
plemrnt; and the cosecant of an angle the secant of its 
complement,' so that the six trigonometrical ratios of 
an acute angle are really composed of three ratios be- 
longing to that angle, and three ratios belonging to its 
complement. 

6. The Trigonometrical Ratios, for each acute a/a- 
gle, are constant ; i. e., are the same for the same or 
equal angle, in whatever right-angled triangle it is 
situated. 

Let A represent any acute angle formed by the two 
lines A E and A F, meeting at A. Make ABC the 

triangle of reference. 
From B draw B D 
perpendicular to A C y 
and from J9, where 
BD meets A C, draw 
a perpendicular 
D H to AB. 

In triangle^. DH> 

sin. A = 7-^; in triangle A B C, sin. A = "-ry y ; and 
A JJ -a. 
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R D 
in triangle ABD 9 sin. A = — — ((1) Art. 4). But 

A JLJ 

J§ = ff (Euc.4,VL Ch.4,III.) = j| (Euc. 8, VI. 

Oh. 13, III.). 

The angle A = DBC (Euc. 8, VI. Oh. 13, HI.) = 

BBB7(Enc. 29, 1. Oh. 13, 1.). Sin. DBC= ^= 4"£ 

= sm.A. Also, bid. 2?/>iT=— = — = — 

= sin. A. 

D 3 
In triangle AD H, tan. A = -7-5./ in triangle 

ABC) tan. JL = — = / and • in triangle A B D, 

AB 

a BD _ DH BC BD 

tan. A = . _ . But . _ . = -7-=: = . ^ . 

AD AH AB AD 

Also, tan. D B G = -=r-=; = -7-= = tan. J. / 

DB AD 

„ ^ ^ jy j? jff d JT2? 

tA ».HDB = — = — = llt =t*a.A. 

AD 
In triangle ADJI> sec. -4 = -j-fj./ in .4. i? C, sec. J. 

= -r~^/ and, in ABD, sec. -A = -r-=- *>ut ~t~tv 
iljff jix/ J.2Z 

Also, sec. DBC= -=7= = -7-=; = sec. A : and 

z?Z> AB 

sec. H D B = -=-=- = -7-= = sec. A. 

HD AD 
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In a similar manner it may be proved that the 
ratios for the cosine, cotangent, and cosecant of the 
same or equal angle are constant. 

7. The Sine and the Cosine, of an acute <mgle, are 
always less than 1. 

The sine being equal to the ratio of , the perpendicu- 
lar to the hypotenuse of the triangle of reference, in 
the fraction expressing that ratio the numerator is 
always less than the denominator, and therefore the 
value of the fraction is less than 1. 

The cosine being equal to the ratio of the base to 
the hypotenuse, in the fraction expressing that ratio 
the numerator is always less than the denominator, and 
therefore the value of the fraction is less than 1. 



Thus let ABC, ALD, A ME, and ANF, be a series of right- 
angled triangles, aU having an hypotenuse of the same length. Let the 
hypotenuse of each triangle represent 82 units of length. Let CB 

= 6 units; DL = 12 units; ME 
= 22 units ; NF= 31 units. The 
numerical measures of these lines 
are, therefore, 32, 6, 12, 22, etc. 

CB 
Sin. CAB=— -=((l)Art.4). 




AC 



6 



= - (Ch. Art. 48, II.) ; sin. DA L 

DZ 12 . EM 

= -— - = -; sin. EAM-=—^ - 

DA 32 AE 

22 FN 31 

= - ; sin. FA N = — - = - ; 
82 ' FA 32 

all less than 1. 

Also, let there be a series of right-angled triangles CAR, ABC, 

etc., all having an hypotenuse of the same length, viz., 16. Let A H-= 

15,-4 5= 12, AL = 8, AM =4, and -4iV=2, in terms of the unit 

of length. 
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15 

— ; cos. CAB 

16* 



AB 12 
-4 C~ 16' 



F v 




AH 
Cos. GAH=z— ((4) Art 4) 

AL 8 
cos. DA L = -— = — ; etc., all 

AD 16 * 

less than 1. 

Art. 8. Cor. As the acute 
angle increases, the sine in- 
creases, but the cosine de- 
creases. 

9. (Defs.) If the cosine 
of an angle be subtracted 
from unity, the remainder 
is called the versed sine of 
the angle. Thus 1 — cos. A = versin. A. 

If the sine of an angle be subtracted from unity, the 
remainder is called the coversed sine of the angle. 
Thus 1 — sin. A = coversin. A. 

10. The tangent and the cotangent, of am, acute 
angle, may be less than 1, equal to 1, or greater 

THAN 1. 

The tangent being equal to the ratio of the perpen- 
dicular to the base of a right-angled triangle, the frac- 
tion expressing the ratio will be less than 1, when the 
perpendicular is less than the base ; will be equal to 1, 
when the perpendicular is equal to the base ; will be 
greater than 1, when the perpendicular is greater than 
the base. 

The tangent of an angle will be less than 1, when 
the angle is less than 45° ; will be equal to 1, when the 
angle is equal to 45° ; will be greater than 1, when the 
angle is greater than 45°. 



20 



THE ELEMENTS OF PLANE TRIGONOMETRY. 




Thus let ABD, ABC, and ABE, be triangles right angled at 

B. Let the numerical measure of A B and of B C each equal 10; let 

the numerical measure of BD equal 5, and of 

BE equal 15; all referred to the same unit of 

length. 

A B C is an isosceles triangle, and the angles 

q BAC and BCA are each equal to 45° (Euc. 5 

and 32, 1. Ch. 18 and 25, 1.); 

Therefore DAB is less than 45°, and EA B 

fl is greater than 45°. 

DB 5 1 

Now, tan. DA B = —-((2) Art. 4)= - = - ; 

A B y ' 10 2' 

Therefore the tangent of an angle less than 
45° is less than 1. 

Tan. (7-45=—-= - = 1; 
AB 10 ' 

Therefore the tangent of an angle of 45° equals 1. 

JEB 15 
TiuljE:AB=-- - = - = li; 
AB 10 ' 

As above, the tangent of an angle greater than 45° is greater than 1. 

Again, the cotangent of an angle being equal to the 
ratio of the base to the perpendicular of a right-angled 
triangle, is less than 1, equal to 1, or greater than 1, 
according as the base is less than the perpendicular, 
equal to the perpendicular, or greater than the perpen- 
dicular ; that is, according as the angle is greater than 
45°, equal to 45°, or less than 45°. 



Taking the construction of the above figure, 

AB 10 2 

C<*.JIAB=— ((6)^4)=-=^, 

Therefore the cotangent of an angle greater than 45° is less than 1. 

AB 10 
Cot. CAB— — — = - =1; 

5(7 10 

Therefore the cotangent of 45° equals 1. 
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^ , ^ AB 10 
Cot. DA B = ■— = - = 2 ; 
BD 5 

Therefore the cotangent of an angle less than 45° is greater than 1. 

11. Cor. As the acute angle increases, its tangent 
increases, but its cotangent decreases. 

12. The secant and the cosecant, of am, acute angle, 
are always greater than 1. 

The secant of an acute angle being equal to the 
ratio of the hypotenuse to the base of a right-angled 
triangle, the fraction expressing that ratio always has 
its numerator greater than its denominator, and is there- 
fore always greater than 1. 



Let ABC, A DE t and A FG, be triangles right angled at B, D, 
and F, respectively. Let the numeri- 
cal measure of AC, A E, and A G t 
each equal 20; let the numerical 
measure of AB equal 18, of AD 
equal 14, and of A F equal 10. 

Sec. CAB=—- = —= — 
AB 18 9 

= H; 

^ AE 20 
Sec. EAD = — - = - = 1?; 
AD 14 

AG 20 
Sec. GAF= -— = - =2. 

AF 10 

Each of these secants is greater than 1, and, as above, the secant 
of an acute angle is always greater than 1. 

Again, the cosecant being equal to the ratio of the 
hypotenuse to the perpendicular, the fraction express- 
ing that ratio is always greater than 1, as its numerator 
is always greater than its denominator. 
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Let ABC, ADE, arid AFG,be triangles right angled at B, D, 

and F y respectively. Let the numeri- 
cal measures of AC, A E y and A G, 
each equal 20; let the numerical 
measure of B C equal 8, of D E equal 
14, and otFG 16, respectively. 

AC 20 
Cosec. CAB— — = - = 21 ; 

CB 8 *' 

AE 20 

Cosec. EA B — = - = H ; 

BE 14 ' 

AG 20 
Cosec. GAF = — ■ = - = U. 

i^G 16 * 

Each of these is greater than 1, 

and, therefore, the cosecant of an acute angle is always greater than 1. 




13. Cor. As the acute angle increases, its seccmt wh- 
ereases, but its cosecant decreases. 



CHAPTEE III. 



TRIGONOMETRICAL RATIOS OF AN ANGLE OF 30% OF 45% 

AND OF 60°. 



In AD 




Art. 14. To find the numerical values of the trigo- 
nometrical ratios of cm angle of 30°. 

Suppose DAE to be an angle of 30°. 
take any point, 67, and from 
G draw GB perpendicular 
to AE 9 forming the tri- 
angle of reference, OA B. 
At the point A, in the 
line A B, make the angle 
BAE equal to BAG— 
that is, to 30° — and pro- 
duce GB to meet A E at 
E ThenABGBjidABE 
are equal triangles (Euc. 26, 1. Ch. 21, I.), and GB is 
equal to BE. 

Now, in the triangle A GE 9 the angle A is equal 
to 60°, and the angle E is also equal to 60°. There- 
fore GA is equal to GE (Euc. 6, 1. Ch. 27, I.), and 
GB) which is half of CE y is equal to half of GA. 

Now, AG* = AB 2 + BC 2 (Euc. 47, I. Ch. 14, 
III.) = AB 2 + ±AC 2 ; 

Therefore AB 2 = A G 2 - \AC 2 = \AC % \ and 

AB=^AG. 

2 
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Now, sin. 30° = sin. CAB = ^=^ = \, 

Tan. 30° = tan. CAB = %£ = JAJL = _L 

AB V$ . „ V3 



= iV35 



Sec. 30° = sec. CAB = 



AG 



2 

AC 



AC 



2 



AB y/% 



2 



.AC 



VI 



= *4/3; 



Cos. 30° = cos. CAB = 



Cot. 30° = cot. CA B = 



AB 

AC 



AB 



4/3 



2 



AC 



AC 

4/8 



= 4/35 



2 



^C 



BC \AC 



= i / 3; 



Cosec. 30° = cosec. CA B = ^7^= = 2 ; 

Versin. 30° = versin. C^l ^ = 1 - cos. 30° (Art. 9) 



= 1- 



2 



15. To find the numerical vaJ/ues of the trigonomet- 
rical ratios of am, angle of 45°. 
Suppose O A E to be an an- 
gle of 45°. In A C take any 
point, C, and from C draw CJB 
perpendicular to A E y meeting 
J.^at^. 

In tlie right-angled triangle 
~B £ A B C, as the angle A is equal 
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to 45°, the angle G is also equal to 45° (Euc. 32, L ' 

Ch. 18, 1.). Consequently G is equal to A y and the side 

AB to B tf(Euc. 6, 1. Ch. 27, L). 

Now, A C % = AB % + BC*=: 2 BG* = 2 AB % \ 

A C 
therefore AB = -— = BC. 

]=AC 



Now, sin. 45° = sin. A = -r"7;= , ^ = — 
' AC AG ^ 

= *|/2; 

m Jro , BO BG H 

Tan. 45° = tan. J. = -7-=. = -— = 1 ; 

Sec. 45° = sec. -a = -7-= = — = V2 > 

AB ~h A0 

Wo 



Cos. 45° = cos. A = — — = v — =— =^4/2- 

-40 .4(7 V2 ' 

Cot.45o = cot.^ = || = ^| = l; 

n ak<> . AC AG ,_ 

Cosec. 45 = cosec. A = — = — = ^2 5 

Versin. 45° = versin. -4 = 1 — = 1 — \ jJ§. 

16. To find the nvmerical vakws of the trigono- 
metrical ratios of cm angle of 60°. 

Suppose D A E to be an angle of 60°. In A D 
take any point, C, and from G draw CB perpendicular 
2 
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/ 



to AE, meeting AE in B. From B lay off B H, 

equal to A B } and join C H. 

Then the triangles CAB and BCH are equal 

(Euc. 4, 1. Ch. 20, 1.), and the angle CHA is equal 

to C A H— that is, to 60°. 

Therefore the angle A CH 

C £ is also equal to 60°. In 

the triangle A CH the side 
A H is equal to A C, and 
A B y which is one-half of 
AH, is equal to one-half 
oiAC. 

Now, AC 2 = AB 2 + 
BC 2 ; therefore B C 2 = 

A C 2 -AB 2 = AC 2 -±AC 2 = ZAC 2 and BC 

= S±AC. 

2 




Now, sin. 60° = sin. A — 



— AC 



BC 

AC~ AC 



= *V3; 



Tan. 60° = tan. A = 



Sec. 60° = sec. A = 



Cos. 60° = cos. A = 



Cot. 60° = cot. A = 



BC 
AB 

AC 
AB' 

AB 



2 



AC 



iAC 
AC 



= vz\ 



iAC 
iAC 



AC AC 



= 2; 

_ 1 

~2' 



AB _ jAC 1__ 
BC~^l AC ~VQ~ iVs ' 



iMM 
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AC AC 2 



Cosec. 60° = cosec. A = 



BG £ AQ ^ 



iV3; 



2 



% 

Versin. 60° = versin. A = 1 — i = -• 

2 

"We might also derive the trigonometrical ratios of 
an angle of 60° from those of an angle of 30°, accord- 
ing to Art. 5. 

Thus, sin. 60° = cos. 30° = $ 4/3 . 

Tan. 60° = cot. 30° = 4/3 ; 

Sec. 60° = cosec. 30° = 3 / 

Cos. 60° = sin. 30° = i ; 

Cot. 60° = tan. 30° = \ 4/3 . 

Cosec. 60° = sec. 30° = f yg". 

Versin. 60° = 1 — cos. 60° = 1 - sin. 30° = -• * 

2 

Example 1. If the hypotenuse of a right-angled triangle be 5, and 
the perpendicular be 4, required the trigonometrical ratios for the angle 
at the base. Required also the trigonometrical ratios for the angle at 
the perpendicular. 

2. If the base and perpendicular of a right-angled triangle be 1 and 
8, find the trigonometrical ratios of the angles at the base and perpen- 
dicular. 

8. Calculate to four decimal places the numerical values of the trigo- 
nometrical ratios of an angle of 80°, and of 60°. 

4. Calculate to four decimal places the numerical values of the trigo- 
nometrical ratios of an angle of 45°. 



CHAPTER IV. 

THE USB OF TRIGONOMETRICAL TABLES. — SOLUTION OF 

RIGHT-ANGLED TRIANGLES. 

Art. 17. The trigonometric ratios for all angles 
between 0° and 90°, beginning at an angle of V and 
increasing in size by successive additions of 1', have 
been calculated and have been arranged in tables. Ta- 
bles have also been calculated for angles beginning at 
an angle of 10", and increasing in size by successive 
additions of 10". Smaller tables, in which the interval 
between angles is 15', have also been arranged for cal- 
culations where great accuracy is not required. 

Such tables are called in general Trigonometrical 
Tables, and also " Tables of Natural Sines and Cosines," 
" Tables of Natural Tangents and Cotangents," etc. 

18. The logarithmic values of the trigonometric ra- 
tios have also been arranged in tables, called " Tables 
of Logarithmic Sines," etc., for use in calculations by 
logarithms. 

19. The values of ratios, intermediate between the 
ratios of the tables, are obtained from those of the tables' 
on the theory that "for small intervals, the differences 
of the ratios a/re proportional to the differences of the 
angles" 

Thus suppose we are using a table of natural sines, in which the 
sines are calculated for intervals of 1', and we are required to find the 
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sine of an angle of 10° 1' 1". This sine falls between the sine of 10° l' 

and the sine of 10° 2'. In the table of sines, under 10° and opposite 1 

in the column of Min. (minutes), we find the sine of 10° 1' to be .178935, 

and, directly under it, and opposite 2 in the column headed Min., we find 

the sine of 10° 2' to be .174221. (The decimal point is not prefixed in 

the table, but is always understood.) The difference of the two sines is 

286 

, or .000286, and the angles differ by 1' or 60". Therefore 

1,000,000 ' 6 J 

since when the angle increases 60" the sine increases .000286, on the prin- 
ciple just enunciated, when the angle increases 1", or ^th of the former 
increase, the sine will also increase i\th of its former increase, or will 

.000286 47 

increase =. = .000006, nearly. So that the sine of 

60 10,000,000 ' J 

10° 1' 1" is obtained by adding .000005 to .173936. The sine of 10° 1' 1" 

fe therefore .173940. 

If we wished to obtain the sine of 10° 1' 2" we should add twice 

the increase for one second, or -J^ths of the increase for 1' — that is, 

.000009, nearly— and so on. 

The increase for V is generally calculated at short 
intervals, and put in the table under the column of the 
ratios to which it belongs, with the name of "jpropor- 
iional pa/rts" To find the increase for any number of 
seconds, we multiply the proportional parts for V by 
the number of seconds. 

To obtain from the tables a ratio for an angle be- 
tween two angles of the table, it is best in general to 
take the ratio belonging to the smaller of the two angles, 
between which it falls, and apply the correction accord- 
ing to the principle above given, or directly from the 
" Corrections " or " Proportional Parts " of such tables, 
being careful to add such correction, according as the 
ratio required is a sine, tangent, or secant; and to sub- 
tract the correction, if the reqtdred ratio is a cosim, 
cotangent, or cosecant (Arts. 8, 11, 13). 
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20. Conversely, to obtain the degrees, minutes, <md 
seconds, cmswering to a gwen ratio intermediate between 
two ratios of the table, take the degrees and minutes be- 
longing to the smaller of the two angles, between whose 
ratios it falls, and, for the seconds, divide the differ enoe 
between this ratio and the gwen ratio by the jyropor- 
tional parts for Y, found under the column in which 
the two ratios agpecvr. 

Thus suppose we are using a five-place table, and we have a sine 
given as .50060, and are required to find the number of degrees, minutes, 
and seconds, in the angle to which it belongs. 

Looking in the table of sines we find it falls between .60050 and 

.50076; that is, that it belongs to an angle between 30° 2' and 30° 3'. 

The difference between the sine belonging to the smaller angle and the 

10 

given sine is 10 — that is, — and the proportional part for 1" is 

e ^ 100,000 r ^ 

26 

— = 0.43 (considering 26 as a whole number). Dividing 10 by .43 we 

have for the seconds 23. Therefore the angle whose sine is .50060, is 
an angle of 30° 2' 23". 

21. The logarithm of a ratio intermediate between 
the logarithms of two ratios is obtained on the same 
general principle as were the ratios themselves, it being 
assumed that, for small intervals, the difference of the 
logarithms of the ratios is proportional to the difference 
of the angles. 

The principle here assumed is not strictly true, nor is the principle 
assumed in the previous article strictly true ; but, employing it with the 
limitation of small intervals, we are not in danger of error, except in cer- 
tain angles , near 0°, and near 90°, for which angles separate tables are 
provided. 

22. In the tables of logarithmic sines, cosines, tan- 
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gents, etc., the logarithms are generally calculated for 
intervals of ten seconds, and the corrections or propor- 
tional parts are given for the seconds from Y to 9*. 

Most of the trigonometric ratios, whose logarithms 
are given, are less than 1 (Arts. 7 and 10), and, there- 
fore, the characteristics of their logarithms would be 
negative (Art. 404, Loomis's Alg.). To avoid the use 
of negative characteristics, however, 10 is always added 
to the logarithm. Consequently, in order to obtain the 
correct logarithm of a result, in a calculation m which 
trigonometric ratios home been represented by their log- 
arithms, from the resulting logarithm 10 must be sub- 
tracted for every trigonometric ratio used as a rrwlti- 
vlier, and, to the resulting logarithm, 10 must be added 
for every trigonometric ratio used as a divisor. 

SOLUTION OF RIGHT-ANGLED TRIANGLES. 

Art. 23. The parts of any triangle are the sides and 
the angles. 

To solve a triangle is to find the unknown parts from 
certain known parts. 

Trigonometry was, primarily, the science by which triangles are 
solved, and was originally so defined. 

24. The parts of amy triangle are six in number. 
In a right-angled triangle, as one of the parts is always 
a right angle, one part is always known. As the two 
acute angles together make a right -angle, when one 
acute angle is known, the other, being its complement, 
is also known. So that to solve a righinmgled triangle 
it is only necessary to consider fowr parts; viz., the 
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three sides and one acute angle. Any two of these paris 
of a right-angled triangle being fcnoton, we are able, by 
the use of trigonometric tables, to solve the triangle. 

25. Suppose two sides are known. These may be 
the hypotenuse and perpendicular ; the hypotenuse and 
base ; or the perpendicular and base. 

As the perpendicular is " the side opposite the given 
angle " (Art. 4), either of the sides about the right an- 
gle may be made the perpendicular, and the other side 
the base, or " the side adjacent to the given angle," 
according as we take one or the other of the acute 
angles as the given angle. When two sides are given 
we really have, therefore, two cases only, viz. : 1. When 
the hypotenuse and a side are given ; 2. When the two 
sides about the right angle are given. 

26. The hypotenuse and a side being known, to solve 
the triangle. 

Let A B G be a right-angled triangle, having its 
right angle at B. Denote the sides opposite the angle 

C by small letters of the same 
name as the capital letters de- 
noting the angles. 

(Generally, in all triangles, the no- 
tation will be adopted of capitals for 
the angles, and small letters of the same name for the opposite sides.) 

In the triangle ABC suppose wq have given the 
hypotenuse i, and the side a. 

(1) Sin. ^ = ^((1) Art. 4). 

(2) Also - = cos. A ((4) Art. 4) ; or, c = J cos. A. 
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(3) c also equals V fl» — a % = V (b-\-a) (i — a); a 
formula convenient for the use of logarithms, as then 
log. c = i {log. (b + a) + log. (b - a).} 

From (1) we see that, when the hypotenuse and a 
side are given, the angle opposite die given side is an 
cmgle whose sine is equal to the ratio of the side to the 
hypotenuse. It is, therefore, to be found from the table 
of sines. 

When this angle is found, the third side can be 
found by formula (2). 

27. If the hypotenuse, J, and the side, c, were given, 
we could find the angle (7, as we found the angle A ; 
or, if we desired to find the angle A, we have 

c A 

- = cos. A ; 


that is, when the hypotenuse and a side are given, the 
angle adjacent to the gwen side is cm angle whose cosine 
is the ratio of the given side to the hypotenuse. It is, 
therefore, to be found from a table of cosines. 
In this case the other side, a = b sin. A ; 

for - = sin. A ; . * . a = b sin. A ; 
b 



or, a = Vb*-c* = V(b + c)(b — c). 

Example 1. If the hypotenuse and perpendicular of a right-angled 
triangle be 192 and 130, respectively, required the other parts of the tri- 
angle. An*. Angles = 47° 23' 2" and 42° 86' 68" ; side = 141.29. 

2. The hypotenuse and base of a right-angled triangle being 71 and 
64, respectively, required the other parts of the triangle. 

Ans. Angles = 25° 39' 22" and 64° 20' 38" ; side = 30.74. 
8. If the hypotenuse of a right-angled triangle be 71, and the base 
60, required the other parts. 

Arts. Angles = 32° 19' 14" and 57° 40' 46" ; side = 37.96. 




34 THE ELEMENTS OF PLANE TRIGONOMETRY. 

4. H the hypotenuse and a aide o? a right-angled triangle be 140 and 
84, respectively, what are the other parts ? 

5. If the hypotenuse and a side of a right-angled triangle be 130 and 
66, respectively, what are the other parts ? 

6. The hypotenuse and perpendicular of a right-angled triangle are 
200 and 100, respectively ; what are the other parts? 

Art. 28. The two sides about the right angle being 
fcnonm, to solve the tricmgle. 

In the figure, suppose the two sides, a and c, are 

c known, and it is required to 
find the hypotenuse and an- 
gles. 

b = vT+7 2 (Euc. 47, 1. 
B Ch. 14,111.). 

(1) Tan. A =-((2) Art. 4). 

c 

After the angle A is found, we can also find the 
hypotenuse, thus : 

(2) - = sin. A ; . • . b = - — - ; or, 
b sin. A 

(3) - = sec. A ; . • . b =-- c sec. A. 
c 

From (1) we see that when the two sides of a right- 
angled triangle are given, the angle opposite either of 
the sides is an angle whose tangent is the ratio of that 
side to the other side. It is, therefore, to be found from 
a table of tangents. 

Example 1. If the base of a right-angled triangle be 141, and the 
perpendicular be 198, required the angles and the hypotenuse. 

Am. 53° 50' 57", 36° 9' 8" ; 239.02, nearly. 
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2. If the two sides about the right angle of a right-angled triangle 
be 2.1 and 2, what are the angles and the hypotenuse ? 

An*. 43° 86' 10", 46° 23' 50" ; 2.9. 

3. If the two sides of a right-angled triangle be 123.5 and 10.16, 
what are the angles and the hypotenuse ? 

Ans. 4° 42' 11", 85° IT 49" ; 123.92. 

4. If the two sides of a right-angled triangle be 39 and 80, what arc 
the other parts ? 

5. If the two sides of a right-angled triangle be 81.48 and 108.64, 
what are the other parts ? 

6. If the two sides of a right-angled triangle are 181 and 18.1, find 
the other parts. 

7. If the sides of a right-angled triangle are each equal to a, what is 
the hypotenuse and what are the angles ? 

29. Now, suppose a side and an acute angle are 
known. These may be either ' ^c 
the hypotenuse and an acute 
angle, or one of the sides 
about the right angle and an 
acute angle. ^ ^ 

30. The hypotenuse and cm acute angle being known, 
to solve the triangle. 

In the right-angled triangle, ABC, suppose the 
hypotenuse J, and the angle A, are known* 

(1) Sin. A = -; .*. a = 5 sin. A. 

(2) Cos. A = -; .•. £=icos. A, 

In the same triangle suppose the hypotenuse J, and 
the angle (7, are known. 

(3) Sin. C = -\ . • . c = b sin. C. 



(4) Cos. G = -; . • . a = b cos. G. 
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From (1) and (3) it will be seen that, in a right- 
angled triangle, the side opposite cm acute angle is 
equal to the product of the hypotenuse by the sine of 
the angle. 

From (2) and (4) it will be seen that, in a right-an- 
gled triangle, the side adjacent .to cm acute angle is 
equal to the product of the hypotenuse by the cosine of 
the angle. 

Example 1. If the hypotenuse of a right-angled triangle be 4.958, 
and one of the angles be 64° 44', find the other sides. 

An*. 4.048, 2.8626. 

2. The hypotenuse of a right-angled triangle is 25, and one of the 
acute angles is 16° 15' 87". Required the sides. Ant. 7 and 24. 

S. The hypotenuse of a right-angled triangle is 87.36, and one of the 
acute angles is 12° 30'. Required the sides. Ant. 8.0862, 86.474. 

4. The hypotenuse of a right-angled triangle is 120, and one of the 
acute angles is 36° 14' 15". Required the sides. 

Arts. 70.936, 96.789. 

5. The hypotenuse of a right-angled triangle is 316.5, and one of the 
acute angles is 55° 30' 17". Required the sides. 

6. The hypotenuse of a right-angled triangle is 656.15, and one of 
the acute angles is 75° 10' 5". Required the sides. 

7. The hypotenuse of a right-angled triangle is 100, and one of the 
acute angles is 60°. Required the sidejs. 

8. The hypotenuse of a right-angled triangle is 567, and one of the 
acute angles is 45°. Required the sides. 

9. The diagonal of a square is 400. Required the length of a side. 
10. The side of a rhombus is 48 feet long, and one of its angles is 

68°. Required the length of its diagonals. 

31. One of the sides about 

the right angle a/ad one of the 

acute angles being hnown, to 

solve the triangle. 

,J * In the right-angled trian- 
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gle ABC, suppose the side a, and the angle A, oppo- 
site the side a, are known. 

(1) Sin. A = 7 ; . • . b = - -. 

o sin. A 

(2) Tan.^=-; .-. c = — -— . 
w o > tan. J. 

(3) Or cosec. A =— ; . • . J = a cosec. -4. 



(4) Cot.^l=-; 



e = a cot. -4. 



Formula (1) and formula (2) are more convenient 
for general use than formula (3) and formula (4). 

From (1) and (2) it will be seen that when a side 
about the right angle of a right-angled triangle, and an 
angle opposite it, are given, the hypotenuse is equal to 
the quotient of the given side divided by the sine of the 
given angle, and the other side is equal to the quotient 
of the gwen side divided by the tangent of the given 
angle. 

32. If, instead of a side and the opposite angle be- 
ing known, we know a side and the adjacent angle, we 
can find the opposite angle — as each acute angle is the 
complement of the other — 
and then we can solve the 
triangle, as in Art. 31. Or 
we can solve the triangle di- 
rectly, thus : 

Suppose, in the right-angled triangle ABC, the 
side c and the angle A are given, to solve the triangle. 




(1) Cos. A=-\ 

o 



b = 



cos. A* 
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(2) Tan. A = -; . • . a = c tan. A. 

c 

(3) Also, sec. A = - ; . • . b = c sec. A. 

From (2) and (3) it will be seen that, in a right- 

c angled triangle, the side oppo- 
site an acute angle is equal to 
the product of the side ad- 
jacent to that angle by the 
tangent of the angle; and that 
the hypotenuse is equal to the product of a side by the 
secant of the angle adjacent to the side. 

Example 1. The side of a right-angled triangle is 141, and the angle 
opposite this side is 33° 41' 6". Required the hypotenuse and the other 
side. Ans. 254.225, 211.54. 

2. The side of a right-angled triangle is 124.6, and the angle oppo- 
site it is 64° 20'. What is the hypotenuse and the other side ? 

Ans. 138.24, 59.8766. 

3. The side of a right-angled triangle is 19.67, and the angle oppo- 
site to it is 18° §1' 4". Required the hypotenuse and the other side. 

4. The side of a right-angled triangle is 111.11, and the angle adja- 
cent to this side is 73° 49'. Required the hypotenuse and the other side. 

5. If one side of a rectangle is 50 feet, and the diagonal makes an 
angle of 30° with this side, what is the length of the diagonal, and what 
is the length of the other sides of the rectangle ? 

6. The diagonal of a rhombus is 30 feet, and the angle through 
which the diagonal passes is 120°. What is the length of a side of the 
rhombus, and what is the length of the other diagonal ? 

33. From the preceding articles it will be seen that 
to solve a right-angled triangle we simply apply the 
definitions of trigonometric ratios. To find a required 
part we select, in each case, the definition in which 
occur the required part and the two known parts. 



CHAPTER V. 

TRIGONOMETRIC RATIOS OF A RIGHT ANGLE, OF 0, AND 

OF OBTUSE ANGLES. 



Art. 34:. According to Art. 3, the tricmgle of refer- 
ence for the trigonometric ratios of an angle is formed 
by dropping a perpendicular npon one side, or side 
produced containing the angle, from any point in the 
other side. In the case of a right angle, the perpen- 
dicular coincides with one of the sides of the angle and 
no triangle is formed. "We shall, therefore, obtain the 
trigonometric ratios of a right angle by the method of 
limits, considering the case of a right-angled triangle, 
whose hypotenuse remains constant, while one of the 
acute angles, taken as a variable, " approaches indefinite- 
ly " to a right angle as its 
limit (Ch. Art. 28, Bk. V.). 

Art. 35. The sine of a 
right angle, or the sine of 
an angle of 90° is 1. 

Let ABGhe a trian- 
gle right-angled at B. 
Suppose, while the hypot- 
enuse remains the same, 

the acute angle B A G in- " B BB B B B 

creases. At the same time B G increases. Also the 
sine of B A # increases (Art. 8). 
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Now, as the angle BAG increases, it approaches 
a right angle as its limit, and its sine approaches the 

sine of a right angle as its 
limit. Also as the angle 
BAG increases and ap- 
proaches a right angle as 
its limit, the perpendicu- 
lar, B Gj approaches the 
C hypotenuse, A G y as its 
limit (Euc. 6, I. Ch. 27, 

ii i ii L ) 5 and > theref ° re ' AG 

A G 

approaches -r-^, or 1, as its limit. But sin. BAG 
A 

B G 

always equals -j-Tj? therefore, at the limits, sin. 90°, or 

the sine of a right angle, equals 1 (Ch. Art. 29, Bk. V.). 

36. The cosine of a right angle, or the cosine of cm 
angle of 90°, isO. 

When the angle A (see figure) increases toward its 
limit (a right angle), its cosine decreases and approach- 
es the cosine of a right angle as its limit (Art. 8). At 
the same time that A increases, A B decreases, and ap- 

AB 

proaches as its limit, so that the limit of -r-^ is 

AG 

•J77> or 0. But cos. A always equals -777; there- 
fore, at the limits, the cosine of a right angle, or 
cos. 90°, equals 0. 

37. The tangent of a right angle, or the tangent of 
cm angle of 90°, equals 00. 
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When the angle A increases {see figure, page 40), 
the tangent increases (Art. 11). When the angle A 
approaches a right angle as its limit, its tangent ap- 
proaches the tangent of a right angle as its limit. Also 
as the angle A increases, at the same time OB in- 
creases toward A C\ as its limit, while A B decreases 

B C AC 

toward as its limit, so that -j— - approaches — — or oo 

B C 

as a limit. But tan. A = -r-= : therefore, at the limits, 

AB 

the tangent of a right angle, or tangent of 90°, equals oo. 

38. By a similar method of proof, it can be shown 
that the cotangent of a right angle is 0; that the secant 
of a right angle is oo ; and that the cosecant of a right 
angle is 1. 

39. To find the trigonometric ratios of 0°. As 0° 
is the complement .of 90°, we can determine the trig- 
onometric ratios of 0° from those of a right angle, ac- 
cording to Art. 5. 

Thus sin. 0° = cos. 90° = ; 
Cos. 0° = sin. 90° = 1 ; 
Tan. 0° = cot. 90° = ; 
Cot. 0° = tan. 90° = oo ; 
Sec. 0° = cosec. 90° = 1 ; 
Cosec. t)° = sec. 90° = oo. 

40. We can also find the trigonometric ratios of 0° 
by the method of limits, considering 0° as the limit to 
which an acute angle approaches indefinitely when de- 
creasing. 

Thus, take the case of the sine of 0°. 

When A approaches 0° (see figure, page 40), as its 
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limit, Bin. A approaches sin. 0°as its limit, and G B ap- 

G B 

proaclies as its limit. Therefore the limit of -— - 

-a. 

= -r-p, = 0. But sin. A always equals -77J- There- 
fore, at the limits, we shall have sin. 0°= (Ch. Bk. V., 
Art. 29). 

In a similar manner the other trigonometric ratios 
of 0° can be found. 

TRIGONOMETRICAL RATIOS OF AN OBTUSE ANGLE. 

Art. 41. Before proceeding to the trigonometrical 
ratios of an obtuse angle, we will define the sign of 
a line as distinguished from its value, or numerical 
measure. 

The sign of a line generally denotes the direction in 
which it is measured. To lines measured in one direc- 
tion there are given positive signs (not always prefixed), 
while to lines measured in the opposite direction there 
are given negative signs. 

Thus, taking two lines, D E and G H (which we 
will name initial lines), intersecting at right angles at 

q A, we call all lines going 

to the right of G H, or from 

A toward E, positive, and 

A we call all lines to the left 



E I £ of GH, or going from A 

toward D, negative. So we 
call all perpendiculars upon 
W BE, from above B E, posi- 

tive lines, and we call all perpendiculars upon BE, 
from below, negative. 
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We shall also consider the hypotenuse of a right- 
angled triangle always positive. 

Now, if we put the vertex of the angle, whose trig- 
onometric ratios we are to consider, at A, and one of 
its sides coincident with A E, it will be apparent that 
(in the sense of our definitions with regard to the signs 
of lines), the trigonometric ratios of all angles thus far 
considered are positive, because the sides of the triangle 
of reference are all positive. 

42. Take now an obtuse angle, and apply its vertex 
to the point A (see figure), and let one of its sides, as 
A B, be coincident with A E. 

To construct the triangle of reference (Art. 3), we 
drop a perpendicular, CD, from any point, C, in A G } 
upon A B produced, \~ G 

meeting A B pro- 
duced in D. In this 
triangle, A D, the 

side adjacent to the X 35 a j 3T 

obtuse angle is neg- 
ative, because we 

consider all lines H" 

running from A, toward the right of # ZT, as positive ; 
and those from A, toward the left of O H, negative 
(Art. 41). 

43. The trigonometrical ratios of an obtuse angle 
have the same names as the corresponding ratios of an 
acute .angle, but have not always the same sign. For, 
as A D, the hose of the triangle of reference, or the 
side adjacent to the obtuse angle, is always negative, 
and as the hypotenuse, A G, and the perpendicular, 
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CD, are always positive (Art. 41), every ratio in which 

A D occurs must be negative. 

44. Thus (1), the sine of an obtuse angle is the ratio 

of the perpendicular to the hypotenuse of the triangle 

of reference, and is 
positive (Art. 41). 

Sm.CAB = ^ 

A. V 

"^ = positive quantity. 
(2.) The tangent 
of an obtuse cmgle is 
the ratio of the per- 
pendicular to the base, and is negative. 

Tan. CAB = ^ = ***? ^^ = \lTZ 

AD negative quantity U««**y. 

(3.) The secant of an obtuse cmgle is the ratio of the 
hypotenuse to the base, and is negative. 

Sec. CAB = ^= ^ e qMn % HiSB 

A D negative quantity < quantity. 

(4.) The cosine of an obtuse angle is the ratio of the 
base to the hypotenuse, and is negative. 

A D 
Cos. OA B = -j-p; = negative quantity. 

(5.) The cotangent of an obtuse cmgle is the ratio of 
the base to the perpendicular, and is negative. 

AD 

Cot. G A B = -=— = negative quantity. 

(6.) The cosecant of an obtuse cmgle is the ratio of 
the hypotenuse to the perpendicular of the triangle of 
reference, and is positive. 
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A C 

• Cosec. OA B = -r^=. = positive quantity. 

45. It can be proved that the sine and cosine of an 
obtuse angle are always less than 1 in numerical value, 
in the same manner that the sine and cosine of an 
acute angle have been proved less than 1 (Art. 7) ; also, 
that when am, obtuse angle increases its sine decreases, 
but that its cosine increases (negatively) in numerical 
value. 

It may also be proved that the tangent and cotan- 
gent of an obtuse angle may be equal to — 1, greater 
than — 1, or less than — 1, as it was proved that the 
tangent and cotangent of an acute angle might be equal 
to 1, greater than 1, or less than 1 (Art. 10) ; also, that 
as the obtuse angle increases its tangent decreases, but 
its cotangent increases, both negatively. 

It may further be proved that the secant and cose- 
cant of an obtuse angle are always greater than 1 nu- 
merically (the secant being greater than — 1, the cose- 
cant being greater than -f- 1), in the same manner that 
the secant and cosecant of an acute angle were proved 
to be always greater than 1 (Art. 12) ; also, that as the 
obtuse angle increases, the secant decreases (negatively), 
but its cosecant increases. 

Def . The versed sine of an obtuse angle is equal to 
the algebraic difference between 1 and the cosine of 
the angle. 

Thus (see figure, page 43), versin. -4 = 1 — cos. A. 
But, as cos. A is a negative quantity (4, Art. 44), versin. A 
is greater than 1. (In the case of an acute angle, the 
versed sine is less than 1.) 

46. Any trigonometrical ratio of an acute or obtuse 
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angle has the same numerical value as the correspond- 
ing ratio of its supplement. 

The sine and oobeoant of an acute angle, and the 
bine and ooseoant of its supplementary obtuse angle, 
are aU of the same sign, and are positive. 

The tangent, cotangent, cosine, and secant of a/n, 
acute angle are positive, white the corresponding ratios 
of the supplementary obi/use angle are negative. 

In the figure GAB is an acute angle. Produce 
B A through A. beyond the perpendicular A Y. At 
* A, in the Btraight 

line A E, make the 
angle PA J? equal 
to G A B. Then 
is PAB the sup- 
plement of PA E 
(Ch. Bk. I., Art. 
19), and, conse- 
quently, equal to the supplement of G A B, the equal 
ofDAE 

Construct the triangle of reference, CA B. JnAP 
take AD equal to A G, and from D draw DE per- 
pendicular to A E. Then is DAE, the triangle of 
reference for the obtuse angle DAB, equal to the tri- 
angle CA B (Euc. 26, L Ch. 23, 1.). 

In the triangles A CB and ADE the hypotenuses 
A G and A D, and the perpendiculars G B and D E, 
and the base, A B, are all positive, while the base, A E, 
is negative (Arts. 41 and 42). 

As the triangles of reference are equal in all re- 
spects, and therefore similar, the ratio between any two 
of the sides of one is equal to the ratio between the cor- 
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responding sides of the other (Euc. 4, VI. Ch. 4, III.) ; 
that is, the numerical value of any trigonometric ratio 
of the acute angle, GAB, is equal to the numerical 
value of the corresponding ratio of the obtuse angle, 
DAB. 

Now, sin. CAB = -t-?l: also, sin. DA B = -=r— A . 

A C DA 

ri j> T) W 

But -7-^=-=-—, as the triangles GAB andDJ.jE'are 
A V D A 

equal. Also as the lines CB, DE, A G, and A D, are 

all positive, the ratios ■— ^ and jr-r are positive, and 

therefore the sine of the angle, C A B, and the sine of 
its supplement, DAB, are of the same sign, and are 

positive. 

A C 
Again, cosec. G A B = -^-=r ; also, cosec. DAB 

DA ^ AG DA , 
= 77-=,. But 73-5 = 7ri^ and, as the terms of these 

ratios are positive, the ratios are positive ; and, there- 
fore, the cosecant of an angle and the cosecant of its 
supplement are of the same sign, and are positive. 

OB 
Tan. GAB = ~rj^ = a positive quantity, as the 

lines GB and A B are both positive. But tan. DAB 
(the supplement of GAB) = ~7~^ =1 a negative quan- 
tity, as A Eis negative (Arts. 41 and 42). 

AB 

Cotan. GAB = =-^ = a positive quantity ; 

AE 
Cotan. DAB= -zr-=, = a negative quantity. 

1) IL 
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AB 

Cos. G A B = ~r~n == a P os ^ ve quantity ; 

A E 
Cos. D AB = ~T~J\ = a negative quantity. 

A C 
Sec. C A B = -~r~h = a positive quantity ; 

AD 
Sec. DAB = ~j~~p = a negative quantity. 

47. It follows from the preceding article that trig- 
onometrical tables for acute angles can be used for 
obtuse angles, as the numerical values of the ratios of 
the one are the same as those of the corresponding ra- 
tios of the other. 

To find, therefore, the trigonometric ratio of any 
obtuse angle, we subtract the given angle from 180° 
and find the corresponding ratio of the remainder. 

Where it is important — as in certain computations — 
to distinguish the obtuse angle from its supplementary 
acute angle, we retain the sign of the ratio. 

Example 1. Find from the tables the trigonometric ratios of an an- 
gle of 100°. 

2. Required from the tables the trigonometric ratios of an angle of 
120° 13' 45". 

8. Required the trigonometric ratios of an angle of 135°. 

4. Required the trigonometric ratios of an angle of 150°. 

5. Required the trigonometric ratios of an angle of 120°. 

6. If the cosine of an angle is — .813467, what is the angle f 

Ana. 144° 26' 10". 
Neglecting the sign, required the obtuse angle whose 

7. Cotan. is 2.31821. Ana. 156° 39' 68.4". 

8. Sine is .684167. An*. 140° 88' 30.8". 

9. Tangent is 1.81511. Ana. 118° 51' 7.4". 



CHAPTEK VI. 



OBLIQUE-ANGLED TRIANGLES. 

Def. An ohUque-cmgled triangle is one which does 
not contain a right angle. It is, therefore, either an 
acute-angled or an obtuse-angled triangle. 

Art. 48. In any triangle y the sine of any angle is 
to the sine of a second angle as the side opposite the 
first angle is to the side opposite the second angle. 

This principle is sometimes stated in another form, thus : " The sines 
of the angles of a triangle are proportional to the opposite sides." 

In the given triangle, A B C, 
it is required to prove 

Sin. B AG 

Sin. C~ AB 

Suppose that A B G be a tri- 
angle, in which a perpendicular •# 
from one of the angles upon the opposite side falls 
within the triangle, as the perpendicular, A J), from 
A upon B G 

Sin. B = 44! ((1) Art. 4) ; also, sin. G= AD 




AB 



therefore 



AD 
Qin.B AB AG 
sin. Q~AD~AB 

AG 



AG' 



3 
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By drawing a perpendicular from G upon A B, it 
can also be proved, in the same way, that 

Sin. A B G 

&w.B~AC 
Next, let the triangle A B C be a triangle in which 

the perpendicular falls with- 
out the triangle, on the side 
produced. 

In the figure, A D, the 
perpendicular, falls without 
the triangle. The angle, 
AC By iB therefore an obtuse angle. 

AD 
Now, sin. AB G = -r-=- ; 

AB 

also, sin. B GA = 4^, ((1) Art. 44); 




therefore 



AG 
AB 

Bin.ABG AB AG 

ml.AGB~~AD~~AB' 

AG 



By drawing a perpendicular from J?, upon A G pro- 
duced, it may be proved in the same way that 

Sin. BAG BG 

Sin. BGA ~~AB 
Lastly, let A B C be a right- 
angled triangle ; then also 
Sin. B AG 

Sin. C~~~ AE 

For, since G is a right angle, jj 

its sine is 1 (Art. 35). Also 

. _ A G . sin. B AG sin. B A G 
sin. B = -7-=: ; i. e.. — : — = -r-=. or 




AB' 



AB' sin. G AB' 
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49. In amy triangle, the sum of amy two sides is to 
their difference as the tangent of half the sum of 

the OPPOSITE ANGLES IB to the TANGENT of HALF their DIF- 
FERENCE, 




Let A GB be any triangle. Then 

B G+ GA tan. $ (A+B) ^ 
BC-GA \*VL.i(A-B) 

Produce GA to D, making CD equal to GB. 
Produce B Gto E 9 making G E equal to GA. Join 
D and J9, by the straight line D B. Join E and A, 
by the straight line EA, and produce E A to meet 
DBatK 

By the construction, BE=BG+GA 

and AD = BC-GA. 

Now the sum of the angles GAB and GBA 
equals the sum of the angles D and CBD } because 
each sum is the supplement of the angle A GB (Euc. 
32,1. Oh. 18, L). 

But CD B + GBD = 2 D (Euc. 5, 1. Oh. 25, 1.). 

Therefore D = i (GA B + GBA) = i (A + B). 

Also* (A + B) + i (A - B) = A; 
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That is, 2> + i {A- B)=CAB = D4 r ABB 
(Euc. 82, 1. Ch. 18, 1. Cor. 1) ; 

therefore, A B D = \ (A — B). 

Again, the angle CEA = CA E=DA K; 

also CBK=ADK; 

therefore, BEK+ EBK=DAK+ADK\ 
consequently EKB=EKI?, and each is a right an- 
gle, according to the definition of a right angle. 

Also the triangles KB E sad AD K ate similar 
(Euc. 4,1. Oh. 4, HI.). 

A IT 

(1) Now =^=tan.2>=tan. t(A-\-B); 

J) XL 

(2) also 44r= ton - A BK=tuk. t(A-B; 



therefore, dividing (1) by (2), K ^- = taa >i( A +-B) 

Bnt, from the similarity of the triangles, KB E 

vAADSL 

KB = BE = BC+CA . 

KD~ AD~ BC-GA' 
therefore ^+^= teD ^+% 

SOLUTION OF OBLIQUE-ANGLED TRIANGLES. 

50. To solve an oblique-angled triangle, it is neces- 
sary to know three parts, of which one at least must be 
a side. 

The three angles of a triangle determine only its form. The same 
three angles may belong to a number of triangles, of different sides and 
of different areas, but all similar. 

We shall then have different cases of the solution of 
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oblique-angled triangles, which may be classified as fol- 
lows: 

1. When two angles and a side are given ; 

2. When two sides and an angle are given; 

3. When the three sides are given. 

51. Two angles and a side qf an oblique^mgled 
triangle being known, to solve the triangle. 

The third angle is „ 

found by subtracting 
the sum of the given 
angles from 180°. 

The sides are found 

by the theorem of Art. 48. Thus in the triangle 

A OB, suppose the side a is given and any two angles 

as B and A. 

Then 0= 180° -(A + B). 

Also, by Art. 48, -r- 1 -^ = i- ; .*. h = — r 1 —:* 

sm. B o sin. A 

A . sin. C c a sin. G 

Again,-; - = — ;.\e=— — 3. 

sin. A a sin. A 

Solve the triangle when there are given : 

Example 1. A side = 121, and the adjacent angles = 15°, and 55° 
31'. An*. Sides = 83.219 and 105.797. 

2. A side = 14.3, an adjacent angle = 43° 10' 15", an opposite 
angle = 73° 13' 4". An». Sides = 10.219 and 13.8798. 

3. A side = 81.57, angle opposite = 55°, and the other sides equal. 

4. a = 15.189, B = 75° 10', C = 33° 14' 7". 

5. c = 568.9, B = 3 A, and 6 = 6 A. 

6. b = 7.93, A = 3 B, and B = 2 C. 

52. Two sides and an angle of an (Mique-angled 
triangle being hnown, to solve the triangle. 

Under this head we have two cases : 1. When the 
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Then by the theorem of Art. 48, 

sin. A a a sin. C 

sin. C c sin. A. 

Solve the triangle when there are given : 
Ezamflb 1. e = 18, b = 7, and angle A = 52°. 

Ana. a = 10.298, C = 95° 85' 48", B = 82° 24' 17". 

2. e = 12, b = 8, and angle A = 42°. 

Ana. a = 8.0818, B = 41° 28' 47", C = 96° 81' 18". 
8. b = 4, e = 16. -4 = 66°. 

-4fw. j3 = 18° 26' 48", C= 111° 88' 17", a = 14.092. 

4. b = 9, c = 19, A = 60°. 

-4n«. a = 14.905, £ = 27° 88' 6", C = 102° 26' 54". 

5. a=ll,c =17,-8= 70°. 

, Ans. b = 16.795, A = 87° 69' 8", C = 72° 0' 57". 

6. a = 10, 6 = 18, 0=80°. 

7. b = 648, <? = 721, A =66°. 

8. b = 648, <? = 721, A = 76°. 

54. Two sides, and an cmgle opposite one of the 
given sides, of cm oblique^mgled triangle being known, 
to solve the triangle. 

The triangle may be J^ 

solved by the theorem of c> 

Art. 48. 

Thus in the triangle 

ABC, suppose we have 

given the two sides a and c, and the angle A ; then, by 

Art. 48, 

c sin. C ,, n sy c ~< a 

- = ; therefore sin. 6 T = - sin A. 

a sin. A a 

Having C and A, we then find B = 180°- (A+C). 

m. /a-j.ao\1> sin.2? , flsin. B 

Then (Art. 48), - = - — - ; or = — —. 

a sin. JL sin. .A 
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55. Of the parts mentioned in Art. 54, when the side 
opposite the given angle is less them the other given side, 
and greater than the product of that side into the sine 
of the given angle, two triangles can be constructed 
from the given parte, cmd therefore two solutions will 
be possible, both of which will be correct. 

In other cases there will be but one solution. 

The first case is sometimes spoken of as the ambiguous case. 

We will consider the cases which are not ambigu- 
ous, and then the ambiguous case. 

1. Suppose, in the trian- 
gle ABC, there are given 
the two sides, c and a, and 
the angle A, and that c is 
less than a. 
By Art. 48, 

(1) . * . = - ; therefore sin. (7= - sin. A. 
sin. JL a a 

But if c is less than a, — is less than 1 ; and, there- 

a 

fore, — sin. A is less than sin. A, or, since sin. G is 
a 




equal to — sin. A* sin. C is less than sin. A. 
a 

Therefore C is less than A (Art. 8), and must be 
an acute angle. For if C were an obtuse angle, as its 
sine is less than sin. A, C would be greater than the 
supplement of A (Art. 45). Consequently G and A, 
two angles of a triangle, would be together greater 
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than two right angles, which is impossible (Euc. 17, L 
Ch. 18, I.). Therefore, in this case, there is no ambi- 
guity- 

Or, by geometry, C is less than A (Euc. 18, L Ch. 26, 1.). 

2. Again, suppose c = a. Then, as - = 1, from (1) 

sin. C= sin. A and C=A. C could not be the sup- 
plement of A, for then the two angles of a triangle 
would be equal to two right angles, which is impossible. 

By geometry C = A (Euc. 6, L Ch. 25, 1.). 

3. Lastly, suppose a = c sin. A. 

Substituting this value in (1) sin. C = 1 ; therefore, 
C is a right angle (Art. 35). And in this case there is 

no ambiguity. 

4. Now, suppose a is less than <?, but greater than 

c sin. A. 

If o and a and the C' 

angle A are given, and a J$, 

is greater than o sin. A, J^ 

then a is greater than 

BD (see figure), the ^ 

perpendicular from B ^ c B 

upon A J), for this perpendicular is equal to o sin. A 
(Art. 30). 

G G 

From the equation sin. C = - sin. A 9 as — is greater 

a a 

than 1, - sin. A, or its equal, sin. C, is greater than 

sin. A. 

Now, A cannot be an obtuse angle when a is less 
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than c, for then would G be also an obtuse angle 
(Euc. 18, 1. Ch. 26, 1.), that is, two angles of a triangle 
would be together greater than two right angles, which 
is impossible. Therefore, A is an acute angle. Also, 
as sin. G has been shown to be greater than sin. A, G 
is an angle greater than A, but may be either an acute 
angle, or an obtuse angle the supplement of the acute 
angle, as the sine of an angle and the sine of its supple- 
ment are the same in value and in sign (Art.. 46). 

Thus, in the figure, if a is less than o and greater 
than o sin. A, we shall have two triangles, AC B and 
A CJBj having the angle A and the side c in common, 
and the side B C equal to B G, but the angle B C A 
the supplement of B CA. 

5. When a is less than c sin. A, there is no triangle 
formed. 

56. To solm the tricmgle, when the parts are given 
as in the preceding article ; that is, when the side op- 
posite the given angle is less than the other given side y 
and greater than the product of the sine of the gi/oen 
angle Jyy that side. 

Suppose we have 
given the sides c and a 
and the angle A> and 
that a is less than c, but 
greater than c sin. A. 

From A draw the 
line A B, making the 
given angle with A B (c), and produce it indefinitely. 
From B as a centre with a radius equal to 0, describe 
a circle cutting A D at G and at D. Join B and G> 
and B and Z>, by the straight lines B G and B D re- 
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spectively. Then we have two triangles, each of which 
contains the given parts. 

Since BC equals BD, the angle BOD equals 
BDC; therefore A OB 9 which is the supplement of 
B CD, is also the supplement of B D C. 

(1) n,. * j = - 1 ' (Art. 48) .-. sin. D = - sin. A. 
x ' Sin. A a J a 

We thus find D. ABD = 180° - (A + D). 

M m AD &m. ABD 

(2) Then = — — — ; 

7 sin. D 

a n_ cBin.ABD 
sin. D 

Thus the triangle ABD is solved. 

To solve the triangle AB C,we shall have, as in (1) 

/* 

for sin. D, sin. 0= — sin. A ; but as A OB is the sup 

a 

plement of ADB, after finding D> we subtract 2) 
from 180° to find A OB. Then A B C= 180° -(A OB 
+ J.), or = D OB - A. 

T , AC sin. ABC 

Lastly, ^-^ = — : — ; 

BC sin. A 

a sin. ABC 



AC = 



sin. A 



Solve an oblique-angled triangle when there are given : 
Example 1.-4 = 74° 45', a = 475, b = 432. 

Am. B = 61° 20' 10", C = 43° 64' 50", c = 341.41 

2. B = 67° 30', b = 310, e = 292. 

3. C= 41° 16' 6", c = 891, a = 311. 

4. £ = 49° 30', 6 = 5, c = 6. 

Ana. Two solutions, 4 = 64° 38' 65", C= 65° 61' 6", a = 6.9422. 

or 16° 21' 5", or 114° 8' 65", or 1.8612. 
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6. £=36°, 6 = 111, c=123. 

Ana. Two solutions, A = 105° 32' 12", C= 39° 27' 48", a = 186.46. 

or 4° 27' 48", or 140° 32' 12", or 15.06. 

6. (7=25°, <?=115, 6=191. 

Ana. Two solutions, A = 110° 26' 10", B = 44° 34' 50", a = 255.015. 

or 19° 34' 60", or 135° 25' 10", or 91.194. 

7. C = 81° 80', e = 115, 6 = 191. 

8. A = 40°, a = 129, c = 165. 



57. In order to solve an oblique-angled triangle 
when its three sides are given, we establish three prin- 
ciples : 1. That the tangent of an angle is equal to the 
sine of the angle divided by its cosine; 2. That the sine 
of half an angle is equal to the squa/re root of half the 
difference between 1 and the cosine of the angle j and, 3. 
That the cosine of half an angle is equal to the square 
root of half the sum of 1 and the cosine of the cmgle; 
sum and difference being used in the algebraic sense. 

58. The tangent of an angle is equal to its sine di- 
vided by its cosine. 





j> A - 



Suppose A to be a given angle, acute in the right- 
hand figure, obtuse in the left-hand figure. 

sin. A 



Then tan. A = 



cos. A 



Make the triangle ABC, right-angled at 2?, the tri- 
angle of reference. 
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CB 

C B A C 

Tan.^i = ^ ((«) Art. 4 and (2) Art. 44) = -j^ 

= — — - ((1) and (4) Articles 4 and 44). 
cos. A 

59. The sine of half cm angle is equal to the square 

root of half the difference "between 1 and the cosine of 

the whole angle. 




1. Let MA L be an acute angle ; then 

• i a A — cos. A 
8m -M = |/ j • 

With A as centre and any radius A C, describe a 
semicircle, BCD, meeting A L in Z>, and A L pro- 
duced in By and cutting A M in C. Draw the straight 
lines B C and CD, and from C draw CE perpendicu- 
lar to A D, meeting A D at E. 

The angle B — \A (Euc. 5 and 32, 1. Ch. 25, and 
Cor. 1. 18, 1.) ; 

sin. \ A = sin. B = -~-= ; 

CE* B ExED 

(sin. 5)* (written sin. 2 B) = -^ 2 = BEy ^ B j) 

jp j) 
(Euc. 8, VI. Ch. 13, HI.) = ^n ; 
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, . . ,_ ED AD-AE 
therefore sin.\S=T=r-T= = 



AE 



BD~ 2AD ~*\ AC) 

= $ (1 — cos. A) ; 



therefore sin. i^ = sin.^= / * - «*.-* 



'• 



2 



2. Let as take the obtuse angle BAO; then, also, 



sin. \ A = 






1 — 008. A 




From J. as centre, with radius A 0, describe the 
semicircle BOD, and complete the figure, as in the 
previous article. 

The angle .B D C=\BAC; 

CE 
therefore sin. £ A = sin. B D C = 



Sin. »BD C = 



CE 



CD' 
DExBE 



BE 



CD* DExBD BD 

BA + AE . r. . AE 



2BA 



-*(* + jS> 



AE 



Now A Eis a minus quantity (Art. 43), and -j—pj = 

A 

-AE A „ ts k JJX 

— -T-7, = — cos. A ((4) Art. 44). 
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Therefore sin. %A = sin. BD C = 



/l — cos. A 



/ 



60. The cosine of half an angle is equal to the square 
root of one-half the sum of 1 amd the cosine of the whole 
cmgle. 

First, let the angle be an acute angle, as the angle 
MAL. 




Then cos. \ A = 



__ /l + cos. A 



• 



Construct the figure as for the first part of Art. 59. 

BE 

Cos. \A=^ cos. B = 



n ,„ BE* 



BC 

BE' BE BA+AE 

BC*~BExBD~BI>~ 2AC 
AE\ 



AE 

Now -r- n = cos. A ((4) Art. 4) ; 



therefore cos. $A = cos. B = J 1 + cos - A . 

Next let A be an obtuse angle, as the angle B A O. 
Then also cos. \A=-J 1 + C0B - A 
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Construct the figure as for the second part of Art. 59. 
Cos. i A = cos. B D C --= 



Cw.*BD C = 



DE* 



CD 
DE % 



DE 



CD 1 DExBD BD 
AD- AE / AE\ 

D -*V 1_ ACY 



2A 



AE 



But cos. A = ~r~?ii an d is itself a minus quantity 



(Art. 43, (4) Art. 45), and therefore 



AE. 



A C 



is + cos- -A-. 



Therefore cos. i A = cos. B D G = / 1 + C0B ' jl . 

61. The three sides of a tricmgle being Tcnown, to 
solve the triangle. 

Let A B G be an oblique-angled triangle, of which 
the sides a, b, and c are given. It is required to find 
the angles. 

From B draw a perpendicular BD to AC, or AC 
produced. 

(1) A D = A B cos. A = o cos. A (Art. 30). 

(2) Also, a 2 +2J xAD = b* + c* (Euc. 13, II. 
Ch. 15, III.). 
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In (2) substitute the value of AD already found 
in (1) and a 2 + 2 b o cos. A = b 2 + c 2 . 

(3) Therefore cos.^L = \ T • 

v ' 2bc 

(4) Subtracting each member of (3) from 1, and we 

~~ 2bo 



have 1 — cos. A = 



2bo 
__ (a + G — b) (a-\-b — c) 



2bc 



a — f- b ~\~ c 
Now let — L -r- J — = * ; 



then = s — b ; = * — c ; and 



= * — a. 



2 

J + — 

2 

Dividing (4) by 2, extracting the square root of 
both members, and substituting the values given for 

a-\-c — b , a-\-b — c 
r , and 



2 



/ 



But 



/; 



1 — cos. A _' /(«—&) («— e) 



2 



■V 



&c 



f- 



COS. -4 



= sin. 4 A (Art. 59). 
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(5) Therefore sin. * A = J ( ^ («- g ) . 
Again, adding 1 to both members of (3), 

(6) 1+ ,n, w+*+*-* ..gdg=* 

w ' 2bo 2bc 

(a-{-b + c)(b + c-a) 

~~ 2bc 

Dividing (6) by 2, extracting the square root, and 

, . . , - a4~b4-c 3 b-\-c — a 
substituting values for < and , 



/ l -\- cos.^Z __ / 8 (*— a) 

V a ~V~ b7~' 

But J 1 + COfl - A = C08 . $ a (Art. 60). 
(7) Therefore cos.* J. = J * ( *~ a X 

y be 

Dividing(5) by (7) we have 

r, 



W Cos.i^L * / *( s _ a) 

We can prove in a similar manner : 

sm. £./?=,/ ^ ^ / ; cos. * B = ./ — - ^; 

r gg r oa 

V 8 (8-b) 

Also: 



sin. i O^ J^-^^ i cos.* (7= 4 /^=^; 

y # & raft 

V 8 (8—C) 
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62. If the angle, as A, 
in the figure, be an obtuse 
angle, the expressions in 
(5), (7), and (8), of the pre- 
ceding article will still be 
of the same form. 

For we shall have : 

(l)a 2 -2iX^i> = & 8 + c 8 (Euc. 12,11. Oh. 16, 
III.). 

Now AD = c X co&.J2AD = cX- cos. A (Art. 
46), and substituting this value in (1) we shall have 

cos. A = — — , the same expression as in equa- 
tion (3) of the preceding article. Therefore we shall 
have the same expressions for sin. £ A, cos. £ A, tan. 
$ A, as in the preceding article. 

Find the angles of a triangle when — 
Example 1. a = 6, b = 5, e = 4. 

An*. A = 82° 49' 10", C= 41° 24' 84". 
B = 56° 46' 16". 
2. a = 11, b = 18, e = 16. Ana. A = 48° 2' 156", C = 88° 10' 22". 

B =68° 46' 42". 
8. a = 25, b = 26, e = 21. Ans. A = 56° 15' 4", C = 68° 53' 46". 

£ = 69° 51' 10". 

4. a = 222, b = 818, e = 406. 

Ans. A = 82° 57' 7", C = 95° 51' 55". 
£=r51°10'58". 

5. a = 400, b = 840, <?= 250. 

6. a = 1410, ft = 2160, <? = 8142. 
1. a = 520, 6 = 848, c = 192. 

8. a = 412, 6 = 662, c = 880. 

63. Second method of soloing a triangle when the 
three sides are known. 

Let A B G be any triangle of which the three sides 
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are known. From B 
draw a perpendicular 
BD npon A C, the 
$ longest side, dividing 
A D the triangle into two 

right-angled triangles, ABD and BD C. 

(1) BC 2 = CD 2 +BD 2 (Euc.47,1. Ch.l4,HL). 

(2) AB 2 = AD 2 +BD*. 
Subtracting equation (2) from equation (1), 
BC 2 -AB 2 =CD 2 -AD\ 
Factoring, 

(B C+A B) (B C- AB) = A C(CD -DA). 

A 

{a-\-c) (a—c) 

b 

Equation (3) will give the difference of the seg- 
ments of the base. Half the base (or half the sum of 
the segments) added to half the difference of the seg- 
ments of the base will give the greater segment, CD ; 
and half the difference of the segments of the base sub- 
tracted from half the base will give the smaller seg- 
ment, AD. Then, in each of the two right-angled 
triangles .4 i? 2) and BCD, we have the hypotenuse 
and a side given, to solve the triangle (Art. 26). 

Solve the triangle when the sides are given : 
Example 1. a = 8, b = 6, c = 4. 

Ana. Segments of a = 6.25, A = 104° 28' 89", B = 46° 84' 8", 

2.75, (7= 28° 67' 18". 

2. a = 219, b = 91, e = 245. 
Ans. Segments of e = 203.479, A = 62° 51' 11", C= 96° 26' 45". 

41.521, B = 21° 42' 4". 
8. a = 1140, b = 718.9, c = 627. 



CHAPTER VH. 

RELATIONS OF THE TBIGONOMETBIOAL EATIOS TO EACH 
OTHKE. — TBIGONOMETBIOAL BATIOB OF TWO ANGLES. 



Abt. 64. The trigonometrical ratios of an angle in- 
terchangeable. 





Let B A C be the triangle of reference for the 

angle A. 

a . . BC . AB 
Sin. A = : cos. A = • 

AC AC 

Squaring and adding, 

w ^ AC* ' 

sin. A = ±y/i-co e .*A ; 

cos. A = ±Vl_ B in. 1 ^. 
(b) Tan. A = ^4 (Art. 58). 



(e) Sec. A = 



cos. A 
AC 1 



AB AB^ cos. A 
AC 
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AB 

fJ , n . A AB AG cos. A 

AC 

,. n . AC 1 1 

(e) Cosec. A = -— — = 



BC BCf sin. A 

AC 
BC 1. 



W^=T- = -r» = 



AB AB cot.^. 
BC 

(f) also follows from (b) and (<?). 

/ \ a a AG fAO % /AB* + BC* 

(g) ^.A = — = x / — ,=y ^ 

= Vl + tan. 8 A. 

(A) Cosec. A=^JW<=J* Ct + AB ' 
w J9 C V B C % V BC % 

= ♦'l + cot. % A. 

65. By means of the equations established in the 
preceding article, it is possible to express all the trigo- 
nometrical ratios in terms of any one ratio. 

Thus to express the trigonometrical ratios in terms 
of the tangent : 

Sin. A = — ?-— ((e) Art. U) = 



cosec. A ' Vl + cot. 8 ^. 

1 tan. A 

/-, ! 1 ^1+tan.U* 

*A 



V /1 + tan. ! 



RELATIONS OF THE TRIGONOMETRICAL RATIOS. 71 



Cos. A = 



sec. A ^1 + tan.U 
Sec.^l= ^i + tan. 2 A 



Cosec 



•i = vi +M t.i = /i+^ 



VT+taS7*J 
tan. A 



Cot. J. = 



tan. A 



1. Given sin. A = 

2. Given cos. B = 
S. Given tan. C = 

4. Given sec. D = 

5. Given cot. ^ = 

6. Given cosec. 2^= 

7. Given cos. (7 
for 0. 

8. Given tan. H 
forJZ 



\ ; find the remaining trigonometric ratios for A. 

} ; find the remaining trigonometric ratios for B. 

f ; find the remaining trigonometric ratios for C. 

3 ; find the remaining trigonometric ratios for D. 

i ; find the remaining trigonometric ratios for E. 
= } ; find the remaining trigonometric ratios for F. 
= — }; find the remaining trigonometric ratios 

= _j ; find the remaining trigonometric ratios 



66. The definitions of the trigonometrical ratios, as 



JE 



.•- 




'A 



applied to an acute angle and to an obtuse angle, may 
be extended to any angle whatever. 

Thus, HAjBC (the salient angle) be an angle great- 
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er them two right angles, we form the triangle of ref er- 
ence, BCD, by drawing a perpendicular, from any 
point C in one side of the angle, to the other side, 
A B produced (Art. 3). Then— 

CD 

(1) Sin. A B O = -5-7L = a negative quantity (Art. 

B U 

41). 

CD 

(2) Tan. ABC= jr-= = a positive quantity. 

B D 

C B 

(3) Sec. AB C = -=-p. = a negative quantity. 

B D 

B D 

(4) Cos. ABC — -^Er n = a negative quantity. 

B 

B D 

(5) Cot. ABC — ff-jL = a positive quantity. 

D 

' B C 

(6) Cosec. ABC— -^-jz = a negative quantity. 

D 

Also, if we draw a perpendicular from A upon C B 
produced, the triangle ABE will be the triangle of 
reference, and will be similar to CBD. (Euc. 4, VI. 
Ch. 4, III. Cor.) 

Consequently — 

,~ v ^ a -n sv BE B D 

(8) Cos. ABC = -t-=l = -=r-^, etc. 

67. To express the sine and the cosine of the svm 
of two angles, in terms of the sines and cosines of the 
given angles. 

Denote one of the angles by x } and the other by y, 
then we shall prove — 
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(a) Sin (x + y) = sin. # cos. y + sin. y cos. x. 

(J) Cos. (a? + y) = cos » * cos * y - B i n ' * s™- y- 

First, let both angles be fltfwfe. Let ABC and 




CH D be two acute angles, whose sum is AJBD. It 
is required to find the sine of A B D in terms of the 
sines and cosines of A B C> and of CBD. 

Denote the angle A B O by x y and CB D by y. 

In A By take any point A, and from J. draw A P 
perpendicular to B C, and A H perpendicular to B D. 
From jP, the foot of the perpendicular from A upon 
B C y draw P K perpendicular to B D, and PL per- 
pendicular to AH. 

The angle LAP equals CBD> that is, y. 

fl . .__ ^.ST ^Z + PJT AL X PK 
Sm ' ABB = AB = —AB— = AB + AB 

_ap 4J±*PJ£ BP 

~~ AB X AP + BP X AB' 

Now, sin. A BD = sin (x +y) ; 
4 
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AP 



AL 



AIbo,^ = «!,.*; Ap 



= cos. y ; 



PK 
BP 



= sin. y ; 



and 



= cos. x ; 



BP 

AB 

Therefore, sin. (x + y) = sin. x cos. y + sin y cos. a?. 
Again, cos. (x + y) = cos. a? cos. y — sin x sin y. 
For, the same construction being made — 

BH BK-LP BK LP 



Cos. ABB = 



AB 



AB 



AB AB 



BP BK AP LP 

~~AB X BP AB X AP' 
But cos. ABJ) = cos. (x + y) ; 

^P BK AP 



Also, 



^[^ 



= cos. x ; 



-BP 



cos. y ; 



^l^ 



= sm.#; 



and 



LP 
AP 



= sm. y; 



Therefore cos. (x + y) = cos. a? cos. y — sin. x sin. y. 




u 



Next, let one of the angles, AB C 9 he an acute an- 
gle, and the other, OBJ?, be an obtuse angle. Denote 
A B Gbj x, and OBJ) by y. 
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From A (any point in A B) 9 draw A P perpendicu- 
lar to B C 9 A H perpendicular to BD produced. From 
P 9 where A P meets B O y draw P K perpendicular to 
B D produced, and draw P L perpendicular to AH 
produced. 

The salient angle, ABD } ib the sum of AB C and 
OB J) 9 and equals (x-\-y). ABE. is the triangle of 
reference for ABB (Art. 66). Also (Euc. 4, 6. Ch. 7, 
III.), LAPy which is similar to PiTi?, (the triangle 
of reference for OB By or y), may be used for the tri- 
angle of reference for y. The angle LA P is equal to 
the angle PBK. 

By Art. 41, the lines A Hy A Z, and BKy BHy are 
negative. We shall put the minus sign before them to 
indicate the fact. Now, 

SiB. ABI> = =^ (Axt. M) = ~ AL + PK 

AB AB 

-AL PK AP -AL PK PB 

~ AB + AB~AB X AP + PB X AB' 

But sin. ABB = sin. (x-\-y); 

Also — = sin. x-y Ap = Bp ((4) Art. 44) 

PK . jPB 

= cos. y ; "=t=l = sin. y ; and -7-=. = cos. x. 
9 ' PB *' AB 

Therefore sin. (x + y) = sin. x cos. y + sin. y cos. x. 

* . A ^ ^ —BR —BK—PL 

Again, cos. A BD = — 7-77- = ^-= 

^ AB AB 

BP -BK AP PL 

~ AB X BP AB X AP' 
But cos. A BD — cos. (# + y) ; 
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Also, it~t> = cos - x ; t> r> = cos ' y ((*) Art. **) 5 



AP 



AB 



= sin. x y and 



BP 
PL PK 



= sin. y ; 



Therefore, cob. (a? + y) = cob. a* cos. y — sin. x sin. y. 
If both x and y are obtuse, it may be proved in a 
similar manner that — 

Sin. (x + y) = sin. a? cos. y + sin. y cos. a?. 

Cos. (x + y) = cos. a> cos. y — sin. x sin. y. 

68. To express the sine and the cosme of the differ- 
ence of two angles in terms of the sines and cosines of 
the given angles. 
Denote one of the angles by x, and the other by y ; then, 

(a) Sin. (x — y) = sin. x cos. y — sin. y cos. a?. 

(S) Cos. (x — y) = cos. a? cos. y + fl "L x sin. y. 

if 




First, let both angles be acnte. 

In the figure let the angle MBDbe denoted by x, 
and the angle MB A by y ; then ABD will be (x — y). 

From A 9 any point in A B, draw ^L jP perpendicu- 
lar to B My and A H perpendicular to B D. From P, 
the foot of the perpendicular A P 9 draw PK perpen- 
dicular to B D. From A, draw A L parallel to B D. 
A L will be perpendicular to P K. 
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The angle LP A is equal to MBD, that is, to 0. 
_. .__ AH PK-PL PR PL 

**-■**» = ab^—Tb- =ab~ab 

pk pb_ap pl^ 

~pb x ab ab x ap' 

Now, sin. A BD = sin. (x — y) ; 
, PK . PB AP . 

'Pi? = 8m ' a ' ; AB = C0By ' AB = Sm ' y ' i 



and 



= cos. x ; 



also, 



PL 

AP 

Therefore, sin. (as — y) = sin. x cos. y — sin. y cos. x. 
_ . __ BE BK+AL BKAL 

CoaABI) = A-B = —AB— = AB + AB 

BE B^P AL^ AP 

~ BP X BA + AP X AB' 
But cos. ABD — cos. (as — y) ; 
^JT 5P ^Z 



and 



BP 
AP 



= cos. as : 



5 iTZ = C08 ' y; 77> = Bm ' a,; 



^1^ 



= sin. y ; 



Therefore, cos. (a> — y) = cos. a> cos. y -f- sin. as sin. y. 
Next, let one angle be obtuse and the other acute. 




In the figure, let MB D, the obtuse angle, be de- 
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noted by x, and let A B M be the acute angle, denoted 
by y. Then A B D is (x — y). 

The construction is similar to the construction of 
the preceding figure. 

From A y any point in A B, draw A H perpendicu- 
lar to B D } and A P perpendicular to B M. From P 9 
the foot of the perpendicular A P y draw P K perpen- 
dicular to BD produced. Also, from A draw .4. Z 
parallel to B J) } and meeting P K produced through 
P y at Z. The angle LP A is equal to PBK, and the 
triangle Z P A is similar to the triangle P B K y the 
triangle of reference for MB D, that is, x. 

Q . A nn AS PK+PL 

PK PB.AP PL 
~~PB X AB + AB X AP 

Now, sin. ABD = sin. (x — y) ; 

t PJT . PB ^AP . 

also, -p-g = sin. x; -j-^ = cos. y ; and — — = sin. y. 

A g ain > "•Xp == ~PB = cob - ® ft 4 ) Art **) ; 

therefore, -t-=l = — cos. a?. 

Therefore, sin. (a> — y) = sin. a? cos. y — sin. y cos. x. 
A „^ BH —KB+AL 

«* ab1 > = Tb = —Zb— 

-kb pb.al ap 
~ pb x ab+ap x ab' 

Now, cos. ABD = cos. (as — y) ; 
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_ -KB PB AL PK 

also, -p-g- = cos.*; — = cos.y; Jp = p^ 

A AP . 
= sin.a?; and -r-^t = sin.y. 
' AB * 

Therefore, cos. (x — y) = cos. a? cos. y + &&• x B ^ n * y* 
If both # and y are obtuse, it may be proved, in a 
similar manner, 

sin. (a? — y) = sin. x cos. y — sin. y cos. a?, 
cos. (x — y) = cos. a? cos. y + sin. x sin. y. 

69. By addition of equation (a) of Art. 67 to equa- 
tion (a) of Art. 68, we have 

(a) sin. (x + y) -f- sin. (a? — y) = 2 sin. a? cos. y. 
By subtraction, we have 
(ft) sin. (a? -f- y) — fl i n « (a? — y) = 2 sin. y cos. a?. 
By addition of equation (ft) of Art. 67 to equation 
(ft) of Art. 68, we have 

(c) cos. (x-\-y)-\- cos. (a? — y) = 2 cos. x cos. y. 
By subtraction, we have 

(d) cos. (x — y) — cos. (a? + y) = 2 sin. a? sin. y. 

70. In equations of preceding article, let x + y = a 
and a? — y = J. 

Then, finding values of x and y in terms of a and 5, 

a+ J — ft 

x = — ~— ; y = — — - . 

. 2 ' y 2 

Substituting these values in the preceding equations, 
in order : 

/ x • . • x o • # + ft a — ft 
(a) sm. a + sm « * = 2 sin. — — cos. — — . 

(ft) sin. a — sm. = 2 sm. — — cos. — — - . 

2 2 
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<z + ft a — ft 
(c) cob. a + cos. 6 = 2 cos. — ^— cos. — - — . 

2 2 

/j\ z o • a +& . « — ft 

(a) cos. ft — cos. a = 2 sin. — ^— sin. — - — . 

2 2 

The above formulae are useful in logarithmic calcu- 
lations. 

71. Dividing (a) of the preceding article by (ft), we 



have 



, v sin. a + sin. ft a + ft , a — ft 

W ~ ^T = tan - — o °°t- — S~ 

am. a — sin. ft 2 2 

tan. — - — 



a — ft 
tan. 



2 

Dividing (c) of the preceding article by (d), we have 

,, x cos. a + cos. ft , a + ft ^ a — ft 

(ft) — ■ = cot. — - — cot. — - — 

cos. ft — cos. a 2 2 

. « + ft 
cot. — -— 



^ a — ft 

/ tan. — - — 

2 

* rt m / , x sin. (a* + y) 

72. Tan. (x + y) = v ; y ( 

cos. (a? + y) 

_ sin, a? cos, y -f- sin, y cos, a? 
cos. a? cos. y — sin. a* sin. y 

Divide numerator and denominator of the last frac- 
tion by cos. x cos. y: 

tan. x -4- tan. v 
(a) tan. (a> + y) = .* T ^y. 
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In a similar manner it can be shown — 

/7V A , v tan. x — tan. y 

(b) tan. (x — y) = — — — -• 

w v yy 1 + tan. x tan. y 

« 

Again, as cot. (x + y) = ^ ((/) Art. 64), 

/x i. / , v 1 — tan. » tan. y 

(c) cot. (a? + y) = — — - 

w v ^*' tan.» + tan.y 

1 1 
1 x 

cot. x cot. y cot, x cot, y — 1 

"" 11 cot. y + cot. x " 

+ 



cot. x cot. y 

,,v , x cot. x cot. y + 1 

(rf) cot. - y) = — ^y— . 

x ' cot. y — cot. x 

(c) may also be proved directly, thus : 

cos. (a? + y) cos. x cos. y — sin. x sin. y 

cot. (a + y) = — — 7 — : — ; = : — : . 

*' sm. (» + y) sin. as cos. y + sin. y cos. a? 

Divide numerator and denominator of last fraction 
by cos. x cos. y. 

1 — tan. x tan. y 
•v TV)"— tan.a? + tan.y * 

Divide numerator and denominator of same frac- 
tion by sin. x sin. y. 

, , . cot. x cot. y — 1 

cot. (x + y) = ; — • 

v ' *' cot.y + cot.a> 

(d) may be proved in a similar manner. 

73. Sine and cosine of an angle m terms of the sine 
and cosine of half the angle, and in terms of tangent of 
half the angle. 
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In equations (a) and (J) of Art. 67 let y = x, then 

2 sin. x 

, N . ft ft . cos. a? 2tan.a? 

(a) sin.2a5 = 2sin.a?cos.a? = — - — = ^ % 



l sec. a? 

COS. 2 X 

2 tan. x 



1 + tan. 2 a?" 
(J) cos. 2 x = cos. 2 a? — sin. 2 a? = 1 — 2 sin. 2 a? 
= 2cos. 2 as — 1 



1- 



sin. 2 x 

cos. 2 x 1 — tan. 2 x 



1 + tan. 2 x 



cos. 2 a? 



74. Tangent cmd cotangent of cm angle m terms of 
the tangent and cotangent of half the angle. 

In equations (a) and (c) of Art. 72 let y — x y then 

2 

2 tan. x cot. a? 2 cot. x 

^ ' ' ~"~ 1 — tan. 2 a? — 1 "" cot. 2 a? — 1" 

cot. 2 a? 

,, x ^ 1 — tan. 2 a? cot. 2 a? — 1 

(0) cot. 2a; = — — = -— . 

2 tan. x 2 cot. x 

75. Sme, cosme, anid tangent of half cm angle in 
terms of the cosine of the angle. 

From (J) of Art. 73 we have, by transposition, 
2 sin. 2 a? = 1 — cos. 2 x ; and 2 cos. 2 a? = 1 + cos. 2a?. 

(a) Therefore, sin. x = J 1 -cos. 2 a;. 
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equations which have already been derived by geomet- 
ric methods (Articles 59 and 60). 
Dividing (a) by (J), we have 

(*) tan. x = /l-cos-2* 

V 1 + cos. 2 x 

Example 1. Find sin. 8 z = Bin. (2 z + z) in terms of sin. z. 

2. Find cos. 8x in terms of cos. z. 

3. Find cos. 4z in terms of sin. z. 

4. Find cos. 6x in terms of sin. z. 

5. Find sin. 6x in terms of sin. z and cos. z. 

6. Prove sin. (80°+ z) + sin. (60°+ z) = J (1+ V "§) (an. * + cos. z). 

7. Prove cos. (30°+ z) + cos. (60°+ z) = J (1 + V jj) (cos. z - sin. z). 

8. Prove sin. (45° + z) + cos. (45° + z) = V"2 cos. 3. 

9. Prove sin. (45° + z) + cos. (45° + z) = sin. (45° - z) 

4- cos. (45° — z). 

2(1 + tan.* z) 

10. Prove tan. (45° + z) + tan. (45° - z) = ^-^ -. 

' ' (1 — tan.* z) 

4 tan. z 

11. Prove tan. (z + 45°) + tan. (z - 46°) = — . 

1 — tan. 8 z 

12. Show that sin. 75° + sin. 15° =\fj m 

13. Show that sin. 75° — sin. 15° = cos. 45°. 



14. Show that cos. 22±° — cos. 67£ 



-•i^ii 



16. Show that cos. 67*° + cos. 22J = |/ i ^l. 

16. Show that sin. (90° + z) = cos. z. 

17. Show that cos. (90° + z) = —sin. z. 

18. Show that tan. (90° + z) = —cot. z. 

19. Derive the sine, cosine, and tangent of an angle of 18°. 
Suggestion. Letx = 18°; 5z = 90°; 2z = 36°; 3 z = 54° ; there- 
fore, sin. 2x = cos. 3x. Expand both terms and solve the equation. 

20. Derive the sine, cosine, and tangent of an angle of 15°. 
Suggestion. Let 2 x = 80° ; then z = 15°. Use Art. 14 and equa- 
tions of Art. 75. 
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21. Derive the sine and cosine of an angle of 7° 80'. 

22. Derive the sine, cosine, and tangent of an angle of 22° SO*. 

23. Derive the sine and cosine of an angle of 168° 45'. 

24. Derive the sine and cosine of an angle of 176° 15'. 

25. Derive the sine and tangent of an angle of 9°. 

26. Derive the sine and tangent of an angle of 24°. 

27. Derive the cosine and secant of an angle of 6°. 

28. Derive the sine and tangent of an angle of 168°. 

29. Prove tan.* z sec* x — sec.* * -+- 1 = tan. 4 «. 

sin. x 1 

30. Prove sec.* x •+- — -— = - — . 

cos.* x 1 — sin. x 

81. Prove sec. x cosec. x tan. x = sec.* z. 
aft sec. 8 ab 



82. Prove 



a 1 — ft 8 tan. 8 a* cos. 1 — b* sin. 1 

n sec.' n 

88. Prove — = . . '. 

1 + n* tan. 1 cos.* + n 8 sin. 1 

84. If tan. 8z cos.' 8 x = tan. x cos.* z, find z. Am. x — 22° 80'. 
35. If a — b tan. x = (a — 6) Vl + tan. 1 z, find tan. z. 

, — aft ± (a - ft) i'Taft. 

Am. r - — j- 

a 8 — 2 ao 

86. If cos*<p = sin. 2<f> sin. $, find $. 

37. If 1 — a 8 cos.'z = 2 a 8 sin. 8 z, find sin. x and cos. z. 

38. If a 8 cos. 8 z sin. 8 z + sin. 8 z + a* cos.'z = cos. 8 x, find sin. x. 



An*. Sin. z= ± a/ . 

r 2-a 8 



39. Given sin. x + cos. 2x = f ; find as. 

40. Given sec. x + tan. x = f ; find as. 

41. Given tan. x + cot x =* 10 ; find x. 

42. Given sin. x + cos. x = £ ; find x. 



CHAPTER VHI. 

INVERSE TRIGONOMETRIC FUNCTIONS. — CIRCULAR MEASURE 

OF AN ANGLE. 

Art. 76. If two quantities are so connected, that if 
one of them changes the other changes also, the second 
is said to be & function, of the first. 

Thus the sine, cosine, and tangent of any angle are 
functions of the angle, for when we change the angle 
the sine, cosine, tangent, etc., also change. In this 
sense, the trigonometric ratios of an angle are called its 
trigonometric functions. 

If we consider the angle and any one of its func- 
tions as two variables, the angle will be the inde- 
pendent variable, and the function the dependent va- 
riable. 

Thus in the equation y = sin. x, when x changes 
y also changes, but the change of y depends upon the 
change of x. 

Now, if we wish to consider the angle as a function 
of one of its trigonometric ratios — that is, if we wish 
to represent the angle as the dependent, and the ratio 
as the independent variable, we use a system of in- 
verse notation, in which the negative exponent — 1 is 
employed. 

In the equation y = sin. x, y is a function of x ; but 
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if we wish to express x as a function of y, we indicate 
the relation between y and x in the form : 

x = sin. _1 y, 

and read the equation, # is an angle whose sine is y. 

The relation between the angle and its other trigo- 
nometric ratios may be expressed in the same way. 

Thus x = cosr~% x = tan.""^, z = sec."" 1 T , 

o 

may be read ; x equals an angle whose cosine is z ; x 
equals an angle whose tangent is w / z equals an angle 

whose secant is 7. 



The expressions sin.-^y, cos.~%, tan."" 1 ^, sec"" 1 ^, 



etc., may stand alone, and are called inverse trigono- 
metric functions. 

They may be read: an angle whose sine is y, an 
angle whose cosine is 2, etc. 

77. In a circle whose radius is unity, to Jmd the 
length of an arc of any number of degrees, mmutes, 
and seconds. 

Denote the circumference of a circle by C, its radius 
by R ; then C=ZirR (Ch. Art. 40, V.). 

Making radius equal to unity, we have C=2ir. 

That is, 2tt is the length of the circumference of a 
circle whose radius is unity. As there are 360° in the 

1 ir 

whole circumference, 1°= — - of 2tt, or -— . 

1'= — of — - of 27r, or 



60 360 ' 60 X 180 
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1"= rr of — — , or 



60 60 X 180' 60 X 60 X 180 
Denote the arc by a ; then, generally, the length of 
an arc of n degrees in a circle whose radius is unity (n 
being any number, whole or fractional), is expressed by 
the equation, __ nir 

180 
78. In the ordinary measure of an angle and its in- 
tercepted arc by degrees, minutes, and seconds, the 
unit of an angle is the -jfoth part of a right angle, and 
the unit of arc is the -jfoth part of a quadrant (Ch. Art. 
54, IL). 

In the cvrcula/r measure of an angle and its inter- 
cepted arc, the tmit of angle is an angle at the centre 
of a circle , subtended by cm arc equal to the radius of 
the circle ; and this arc is the wait of a/rc. 

79. The angle at the centre of any circle subtended by 
B cm arc equal to the ra- 
dius of the circle is a con- 
stant quantity. 

In the figure, suppose 
AD to be an arc equal 

■0"^ ^ in length to the radius, 

A i?, of the semicircle ADC. Denote the radius by 
i? ; H will also represent the arc A D. 

The length of the semicircle, AD C y equals w R 
(Ch. Art. 40, V.). 

APT) AD 

2 right angles ADC^ ' J 

~7ri?"~"*- ; 




88 
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i. a x» r% 2 right angles 
therefore ABD = — 5 E_. 



7T 



B 




2 right angles , # 
But — — — —2. — is independent of the radius of 

the circle, and, therefore, a constant quantity. 

Therefore the angle A BD, or an angle at the cen- 
tre of any circle subtended by an arc equal to the 
radius of the circle, is a constant quantity. 

80. Let BAG be any 
angle at the centre of a cir- 
cle, and be denoted by A. 
rc Denote the intercepted arc, 
B Cj by a. Let BE, an arc 
equal to the radius of the cir- 
cle, be denoted by r, and let 
BAJ?, the subtended unit of angle, be denoted by u. 

A a 
Then — = - (Euc. 33, VI. Ch. 19, II.) ; but, as u is 

the unit of angle, we have 

A = £ (Ch. 20, IL). 

That is, the circular measure of an angle is ex- 
pressed by the ratio of the subtending arc to the radius 
in a circle described from the vertex of the angle as a 
centre. 

81. Four right angles at the centre of a circle are 
subtended by the whole circumference, or by 2wr 
(where r denotes the radius). Therefore, by the pre- 
ceding article, 
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2wr 
4 right angles = = 2 ir ; that is, 

the circular measure of 4 right angles is 2tt. 

ITT 

The circular measure of 2 right angles is — = tt; 

of 1 right angle is — = — ; etc. 

a 

82. If, in the equation A = -, we let r = 1 ; that 

is, if we find the circular measure of an angle at the 
centre of a circle whose radius is unity, we derive the 
equation A = a ; that is, the circular measure of any 
angle, at the centre of a circle whose radius is unity, is 
equal to the length of the a/rc subtending that cmgle. 

83. Now, let A be the circular measure of any 
angle, and n the number of degrees, minutes, or sec- 
onds in the angle, n being integral or fractional ; then, 

by Arts. 82 and 77, 

nir 

^ = I80 5 

which is the general expression for the circular meas- 
ure of any angle, when the degrees, minutes, or sec- 
onds which it contains are given. 

In this system of measuring angles, an angle of : 

860 
4 right angles or an angle of 860 = * or 2 * ; or 

4 right angles = 2t= 6.2831854 ; 

!80 
2 right angles = — w = w = 8.1415927 ; 

90 x 

1 right angle = » = - = 1.6 W968. 

180 2 
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45 x 

an angle of 46° or 4 right angle = — x = - = .7853982 ; 

* 180 4 

60 v 

an angle of 60° = — » = - = 1.0471976 ; 
^ 180 8 * 

80 » 

an angle of 80° = v = - = .6235988 ; 

^ 180 6 

an angle of 1° = — = .01746329 : 

^ 180 ' 

an angle of 1' = = .000290888 : 

^ 60 x 180 ' 

it 

an angle of 1" = = .00000485. 

^ 60 x 60 x 180 

84. To find the number of degrees, minutes, and 
seconds in the unit angle of circular measure. 

In Art. 79 the unit angle is shown to be equal to 
2 right angles 

2 right angles are measured by 180° : 
Therefore the unit angle = 
180° 180° 



it 3.1415927 



= 57°.295779 = 5W44.8." 



85. To change the measure of an angle in degrees, 
minutes, or seconds, to the equivalent circular measure / 
cmd conversely, to change the circular measure of an 
angle to its measure in degrees, minutes, or seconds. 

Let A be the circular measure of any angle, n the 
number of degrees, minutes, or seconds which it con- 
tains, n being any number, integral or fractional. Ac- 
cording to Art. 83, 



CIRCULAR MEASURE OF AN ANGLE. 91 

(1) A = ~; therefore, 

180° 

(2) n = A — = A x57°.295779. 

To change degree measure into circular measure 
we use equation (1) ; to change circular measure into 
degree measure, we use equation (2). 

1. Show that tan.- 1 1 + tan.- 1 (— 1) = w. 

1 Va" » 

2. Show that Bin.- 1 — + Bin.— i _= Z. 

2 2 2 

2 „. 8 V~8 

8. If sin.— 1 x + sin.— 1 — * = — , find x. Am. x = — . 

8 8 2t / 19 

88 4 5 

4. Prove Bin.— 1 — = Bin.— 1 — — Bin.— 1 — . 

65 6 18 

5. Proves*.-* ( **K±±?£) = sin.-i !+ sin.-. K 

\ 24 / 8 8 

6. Prove sin.- 1 ( *^±±j^J\ _ 8in# -! 1 + An - t \ 

V 12 / 4 3 

29 6 1 

1. Prove tan.— 1 — = tan.— 1 — + tan.— 1 — . 

14 5 4 

, W ,18 1 

# 8. Prove tan.— 1 — = tan.— 1 — — tan.— 1 — . 

11 1 8 

9. Find the number of degrees, minutes, and seconds, in an angle 

whose circular measure is — . Am. 12° 51' 25.7". 

14 

10. find the number of degrees, minutes, and seconds, in an angle 

2* 
whose circular measure is — . 

18 

11. Find the number of degrees, minutes, and seconds, in an angle 

6 6 

-, that is. — 
6* * 5 



6 6 

whose circular measure is — , that is, — of the unit angle. 



An*. 68° 45' 11.11". 
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12. Find the number of degrees, minutes, and seconds, in an angle 
of which the circular measure is .768. 

13. What is the circular measure of an angle of 11° 16' ? Ans. — . 

^ 16 

14. What is the circular measure of an angle of 1° 30' ? 

15. What is the circular measure of an angle of 7° 30' ? 

16. What is the number of degrees, minutes, and seconds, in an arc 

40 feet long, in a circle whose radius is 35 feet ? 

arc 180° 

Solution, Degrees in arc = degrees in angle = unit x = 

radius *- 

40 8 

x — = 67°.295779 x - = 65° 28' 51.2". 
35 1 

17. What is the number of degrees, minutes, and seconds in an angle 
subtended by an arc of 25 feet in a circle whose radius is 15 feet ? 



OHAPTEE IX. 

ANGLES HAVING CORRESPONDING TRIGONOMETRIC FUNCTIONS 
OP THE SAME NUMERICAL VALUE. — TABLE OF IMPORT- 
ANT TRIGONOMETRIC FUNCTIONS. ANGLES GREATER 

THAN FOUB RIGHT ANGLES. — POSITIVE AND NEGATIVE 
ANGLES. 



Art. 86. Angles hawing corresponding trigonome- 
tric functions of the same numerical value. 




In the figure, let XX and Y Y', two lines at right 
angles at O, be the initial lines (Art. 41). 

Beginning with XOY, and going from right to left, 
call XOY the fwsb quadrant, YOX* the second 
quadrant, X' Y' the third quadrant, and Y' OX 
the fourth quadrant. 

Let two lines, A H and EK, be drawn making 
equal angles with XX' and intersecting XX' and one 
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another at the same point, O. Then will the angles 
XOA, BOX', X' OH, and KOX be equal to one 
another. 

If, now, we take the points A, E, H 9 and X, equally 
distant from 0> and join the points A and X by the 
straight line A K> and the points E and H by the 
straight line EH, we shall have four equal right-angled 
triangles, BOA,EOO,G OH, and XOB (Euc. 4,L 
Ch. 20, 1). 

Besides these four right-angled triangles, there can 
be no others equal to them, having their bases and per- 
pendiculars in the same relative position, with respect 
to the initial lines and the point 0. 

Reckoning the angles from OX (from right to left) 
through the four quadrants, there will be, therefore, 
only four angles, having equal triangles of reference 
(Art. 3). 

The triangle of reference for an acute angle will be 
in the first quadrant ; for an obtuse angle, in the second 
quadrant ; for an angle greater than two right angles 
but less than three right angles, in the third quadrant ; 
for an angle greater them three right angles but less than 
four right angles, in the fourth quadrant. 

The numerical values of the six trigonometric func- 
tions, sine, cosine, tangent, cotangent, secant, and co- 
secant, of these four angles will be the same (Euc. 4, VI. 
Oh. 4, III). 

• 

Thus the angles BOA^BOE^ and the salient angles BOH and 
BOK) will have equal triangles of reference, and, consequently, equal 
numerical values for the corresponding trigonometric functions, sine, co- 
sine, tangent, cotangent, secant, and cosecant. 
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87. To find expressions for the four angles whose 
trigonometric functions have the same numerical value. 

In the figure, denote the angle BOAbja, then 
each of the equal angles, EOG, G OH, and KO B, 
will also be denoted by a. 

BOA,B OE, the salient angles B OH and BOX, 
are the angles which have the same numerical values 
for their corresponding trigonometric functions. 

BOA = a. 

B OE=2 right angles- EO #=180° -a=7r-a. 

^<?J7=2rightangles+<? <?jH r =180°+a=7r+a. 

B OK = 4 right angles - KO B = 360° - a 

= 27r — a. 

Denoting then any acute angle by a, the four angles, 
which have the same numerical values for their cor- 
responding trigonometric functions, are: 

a, 180°-a, 180°+o, 360°-a; or, 

a, it — a, tt -|- a, 2ar — a. 

88. To find the signs of the trigonometric functions 
of angles having equal triangles of reference. 




In the figure, let the construction be the same as in 
Art. 86. 

In the first quadrant, the perpendicula/r and hose of 
the triangle of reference, A OB, are positive (Art. 41) ; 
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therefore, as the hypotenuse is positive, all the trigono- 
metric functions of an angle in the first quadrant are 
positive, all the ratios having like signs in both their 
terms. 

In the second quadrant, Y OX 9 , the perpendicular 
is always positive, while the base is always negative; 
therefore, where the triangle of reference is in the sec- 
ond quadrant, the trigonometric functions of the angle 
in which the perpendicular occurs with the hypotenuse 
are positive, both terms of the ratios having like signs ; 
and the trigonometric functions in which the base occurs 
are negative, as the two terms of these ratios have oppo- 
site signs. 

That is, of an obtuse angle the sine and cosecant are 
positive, but the cosine, tangent, cotangent, and secant 
are negative. 

In the third quadrant, X'O Y', the perpendicular 
and base are both negative; therefore, where the tri- 
angle of reference is in the third quadrant, the trigono- 
metric functions of the angle in which the perpendicu- 
lar or base occur with the hypotenuse are negative; but 
those in which the base and perpendicular occur to- 
gether are positive. 

That is, of an angle greater than two right angles 
and less than three right angles, or greater than it and 

less than — , the sine, cosine, secant, and cosecant are 

negative, but the tangent and cotangent are positive. 

In the fourth quadrant, Y'O X, the perpendicular 
is always negative, while the base is positive; therefore, 
when the triangle of reference is in the fourth quad- 
rant, the trigonometric functions of the angle in which 
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the perpendicular occurs are negative; and the trigono- 
metric functions in which the hose occurs with the 
hypotenuse are positive. 

That is, of an angle greater than three right angles 

3tt 

and less than four right angles, or greater than — and 

2 

less than 2tt, the sine, tangent, cotangent, and cosecant 

are negative, but the cosine and secant are positive. 

The versed sine is always positive. 

The following table will show the results of the pre- 
ceding article : 



ANGLE. 


Bar. 


Taw. 


Sao. 


Oosur. 


COTAH. 


Coeao. 


Vbbbih. 


> and <— 

2 


+ 


+ 


+ 


+ 


+ 


+ 


+ 


>— and <*■ 

2 


+ 


— 


— 


— 


— 


+ 


+ 


3ir 

>xand < — 

2 


— 


+ 


— 


— 


+ 


— 


+ 


> — and < 2* 

2 


— 


— 


+ 


+ 


— 


— 


+ 



89. Particular angles having equal triangles of ref- 
erence. 

(1) In the figure of Art. 86, let A B or a, equal ; 
then the expressions, a, ir — a, ir + a, 2?r — a (Art. 87), 
reduce to 0, tt, and 2 w ; 

Therefore the corresponding trigonometric functions 
of 0, 7T, and 2 tt, are equal in numerical value (Art. 39). 

As the perpendicular of the triangle of reference 
5 
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disappears at 0, at tt, and at 2 tt, the signs of the trigo- 
nometric ratios, in which the perpendicular occurs, will 
be undetermined; bat, as the base remains, the signs 
of the ratios in which the base occurs with the hypote- 
nuse will be determined by the sign of the base, and 
will therefore be positive at and 2 tt, but negative at tt. 

TT 

(2) Let AO B or a equal — ; then the expressions 

2 

a, tt — a, it -{- a, 2tt — a, reduce to - and — ; there- 

2 2i 

IT 

fore the corresponding trigonometric functions of — and 

2 

— - are the same in numerical value (Arts. 35, 36, 37, 
2 

38). 

As the base of the triangle of reference disappears 

TT 3tT 

at — and at -r~, the signs of the ratios in which the base 

occurs will be undetermined; but as the perpendicular 
remains, the signs of the ratios in which the perpen- 
dixsul/r occurs with the hypotenuse, will be determined 
by the sign of the perpendicular, and will therefore be 

positive at — , but negative at -— • 

TT 

Let a = - ; then, by Art. 87, 

(3 ) » *L ^ -ilZL, will have their corresponding 
6 o o 6 

trigonometric functions the same in numerical value 
(Art. 14). 
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Let a = - ; then, 
4 

(4) j, — -, — -, — -, will have their corresponding 

trigonometric functions the same in numerical value 
(Art. 15). 

Let a = — ; then, 

(5) -, -T-, — -, -^-, will have their corresponding 
o 3 3 o 

trigonometric functions the same in numerical value 
(Art. 16). 

The signs of the functions (3), (4), and (5) will be 
determined by Art. 88. 

(90) The following table will show the results of the 
preceding article : 
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(91). Angles greater than four right angles. 

C If the line A C be conceived 

as first coinciding with A B, and 
then to revolve about A, from 
right to left, till it again coincide 
"S with A B, it will pass through 
four right angles. If, after coinciding with A 2?, it 
still continues to revolve, from right to left, till it takes 
the position of A C (in the figure), it is said to make 
with A B cm angle greater them fowr right angles. 

Let C A B be denoted by a. Then the angle, greater 
than four right angles, which C A makes with A 2?, 
will be expressed by 2?r + a. 

If G A be revolved twice through four right an- 
gles, and then continue to revolve till it takes the 
position A C; the angle, greater than eight right an- 
gles, which A C makes with A B 9 will be expressed 
by 4tt -f- a. 

Generally an angle greater than four right angles 
may be expressed by 2/itt + a, where n is any inte- 
gral, and a is the excess of the angle over 2/wr. 

92. Trigonometric functions of angles greater than 
four right angles. 

It is evident, from the figure, that the trigonometric 
functions of the angle 2nir + a will be the same as 
those of a, as they will have the same triangle of ref- 
erence. 

Therefore, to find the trigonometric ratios of an 
angle greater than fowr right angles, we subtract from 
the angle four right angles, or some multiple of four 
right angles, and take the trigonometric ratios of the 
remaining angle. 
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Thus sin. (2n* + a) = sin. a. 
tan. (2«x + a) = tan. a. 
sec (2nw + a) = sec. a. 
cos. (2nw + a) = cos. a. 
cot (2imt + a) = cot. a. 
cosec. (2mr + a) = cosea a. 
yersin. (2nw + a) = verein. a. 

93. It has been shown that an acute angle, an 
obtuse angle, an angle greater than two right angles, 
an angle greater than three right angles, an angle 
greater than four right angles, all have equal tri- 
angles of reference (Arts. 86, 91). 

Therefore the relations (established for acute and 
obtuse angles, in Chapter VII.), of trigonometrical func- 
tions of the same angle to each other, and the relations 
of the trigonometrical functions of the sum or differ- 
ance of two angles to the functions of the angles, and 
the relations following these, may also be considered 
as established for any angle whatever, as all these rela- 
tions depend upon the triangles of reference. 

94. Positive and negative angles. 

If a horizontal line, KB, be taken as an initial line, 

C and a 8trai S ht Kne > M 
A C, be made to coin- 
cide with A B, and 

-K Ay^ _g then to revolve about 

A from right to left, 
assuming various posi- 
v -® tions, the angles which 
it then makes with A B are positive angles. 

If the line A C be revolved about J. in a contrary 
direction (i. e., as the hand of a watch), the angles which 
it then makes with A B are negative angles. 




K 




POSITIVE AND NEGATIVE ANGLES. 103 

Thus, in the figure, B A G is a positive angle ; 
B A Eib a negative angle. 

95. Belatio7i8 "between the trigonometric /mictions of 
positive angles j and of equal negative angles. 

In the figure, let iTi? be the initial line; B AC 
be a positive angle ; and 

BAE&n equal nega- ^^ 

tive angle. Denote the 
angle BAG by a ; 
then BAE will be de- 
noted by — a. 

From G, any point 

in A G y draw a perpendicular to A B, and produce it to 

meet A E in E. 

The two triangles of reference, CAHkcA HAE y 

are equal in all respects, except that the sign of EH 

is negative, while the sign of GIT is positive; therefore 

the trigonometric functions of —a will be numerically 

equal to those of a, but the signs of the functions of the 

two angles in which the perpendicular occurs will be 

unlike, while the signs of the functions in which the base 

occurs with the hypotenuse will be the same (Art. 41). 

_ . , , EH -GH 

Thus, sin. ( - a )=j-g= CA = -em. a; 

, x EH -GH 

tan - ( - a)= T^ = -Xff = ~ tan ' a; 

, , AE AG 

" 8 " ( " i)= lr = ll =ie8,§s 

, x AH AH 
cos. (-a) = ^ = X^ = C0S ' aJ 

, x AH AH 
cot .(-a) = --g; = — — = -cot.a; 
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AE AG 

Cosec. (— a) = -^tb-= — 7nEr~ ~~ cosec. a ; 

Versin. (— a)= 1 — "j~^~ 1 — "JTp = versin. a. 

9* 15* 

Examplk 1. Find the sine and cosine of — , and of — • 

8* 8 

2. Find the Bine and cosine -of a, *■ — a, t + a, and 2* — a, where 
a =15°. 

8. What angles are expressed in degrees by »(n ± £), n being or 
any integral number ? Write the sines of these angles. 

4. Write the cosines for the series of angles expressed by *(n±£), 
n being 0, or any integral 

5. Write the tangents of the series of angles w(n±J), n being 0, 
or any integral. 

(2n-M)r, 

6. Write the trigonometric ratios for the angles 

n being 0, or any integral. 



2 



sec. 
1. Prove ' 



2 tan. 



in. f j -a; J 



sin. . _ 

2 
8. Prove 1 + 



Ma (* \ 1 + tan. x 



9. Prove that x + i y = », if - — + = 0. 

1— cos.y sin. a? 

10. find two circular measures of which will satisfy the equation 

it 
cos. + cos. 9 = sin. 8 0. Am. = — and = ». 

3 

11. Find two circular measures of which will satisfy the equation 

Sir ir 
2 cos. a sin. 20 — 2 cos. 20=2 cos. 2 sin. 0. Ana. = — and — . 

2 6 

12. Find one circular measure of <p which will satisfy the equation 
3 sin.' <p + 2 sin. <p = 1. 



CHAPTER X. 



TRIGONOMETRIC FUNCTIONS REPRESENTED BY LINES. 

OUTLINE OF A METHOD OF CONSTRUCTING TRIGONO- 
METRIC TABLES. 

Art. 96. The trigonometric functions of an angle 
are sometimes represented by lines having certain posi- 
tions in, or with respect to, a circle described from the 
vertex of the angle as a centre, and with a radius re- 
garded as a unit of length. 




In the figure, let BAG be any angle. 

From the vertex A y as a centre, with any unit of 
length as a radius, describe the circle B CZ, intersecting 
the sides of the angle at B and G. At A draw D A at 
right angles to A B. From G draw GJE&t right angles to 
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AB or AB produced. From B draw the tangent 
B H meeting A G produced at H. Also, from G draw 
GF perpendicular to A D and from D draw the tan- 
gent D G. 

Let A G 9 produced through the centre, meet the cir- 
cumference at My and the tangent B H2X H. 

From M draw MN perpendicular to A By or A B 
produced. 

The sine of an angle (or its subtending arc), is the 
perpendicular drawn from one extremity of the arc to 
the radius, or radius produced, passing through the other 
extremity of the arc. 

Thus, sin. B A G or sin. B G= GF. 

The trigonometric tangent of an angle (or its sub- 
tending arc), is the part of the geometric tangent at one 
extremity of the arc, terminated by the point of con- 
tact and the produced radius passing through the other 
extremity of the arc. 

Thus, tan. BAG or tan. BG=BH. 

The secant of an angle (or its subtending arc), is the 
part of the produced radius between the centre and the 
tangent. 

Thus, sec. B A G or sec. B G=A H. 

The cosmey cotangent, and cosecant of an angle, (or 
its subtending arc), are the sine, tangent, and secant, 
respectively, of the complement of the angle or arc. 

Thus : cos. BAGyOr cos. B G= sin. G A D 

= 8m.GD=GF; 

cotan. B A Got cot. i? (7= tan. GAD = tan. CD 

= DG\ 

cosec. BAG or cosec. B C= sec. C A D = sec. G D 

=AG. 



r 
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The versed sine of an angle (or arc) is the distance 
between the foot of the sine (drawn from one extemity 
of the arc) and the other extremity of the arc, measured 
on the radius, or radius produced. 

Thus, verein. B A C, or versin. B C=BK 
It is evident from the figure that the sines and co- 
sines of all angles not 0, or not multiples of a right 
angle, are less than the radius, that is, less than 1 (1 
standing for the unit of length) (Euc. 15, III. Ch. 3, II.). 

By bisecting the arc of the quadrant B D, and draw- 
ing tangents, it can be shown that a tangent may be 
less than radius, equal to radius, or greater than radius ; 
that is, less than 1, equal to 1, or greater than 1 (Euc. 6 
and 19, 1. Ch. 27 and 28, 1.). 

It is also evident from the figure, that the secants 
of all angles not 0, or not equal to two or to four 
right angles, are greater than radius, that is, greater 
than 1. 

At 0° the sine is 0, the tangent is 0, the secant 1, 
and the cosine 1. 

At 90° the sine is 1, the tangent oo, the secant <x>, 
and the cosine 0. 

97. Lines from above, perpendicular upon A B, or 
A B produced are positive ; and lines from below, per- 
pendicular to A B are negative. 

Perpendicular lines proceeding from AD, or AD 
produced, to the right are positive, while those proceed- 
ing to the left are negative. 

Also, the radius and lines measured on the radius 
or radius produced, measured from the centre to or 
through one extremity of the arc are positive ; but lines 
measured on the radius produced through the centre in 
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the opposite direction from the extremity of the arc are 
negative. 

Thus, all the lines representing the trigonometric 
functions of an acute angle are positive. 

Of the lines representing the trigonometric func- 
tions of an obtuse angle, the sine and cosecant are posi- 
tive ; but the cosine, tangent, cotangent, and secant are 
negative. 

That is, (in the right-hand figure, page 105), CE and 
A G are positive ; AE, Bff y D G, and A H are nega- 
tive. 

If (in the left-hand figure) we have an angle, BAM 
(salient), greater than two right angles : 

its sine Jfcf i\T, cosine A iT, secant A H, and cosecant 
A G are negative ; but the tangent J? J?* and cotangent 
D G are positive. 

If (in the right-hand figure) we have a salient angle, 
BAM, greater than three right angles : 

its sine M N^ tangent B H^ cotangent DG, and 
cosecant A G are negative ; but the cosine A i\T and 
secant A IT are positive. 

The versed sine in all cases is positive. 

The results of this article will, on comparison, be seen to agree with 
the results of Art. 88. 

98. From the similar triangles BAB and E A C 
(zee figure on page 105), 

BH : CE:: BA : AE(orCF); 

T> A \y /y "p 1 

therefore, BB= p~p > or > denotin g tte an g le 

t> . m -ffisin. A 
BAC\>vA, and the radius by jfir, tan. A = — ; 

COS. -o. 
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_. sin. A 

but, as B = 1, tan. .4 = 7. 

cob. -4 

In a similar manner AH : AG :: AB : AF; 

B 2 1 

therefore A H = sec. -4 = 7 = 7. 

cos. A cos. -4 

From similar triangles, A CF and AGD, 

AG : AC:: AD : AF(= OJS); 

B 2 1 

therefore, AG = cosec. A = — = 7. 

sin. A sin, -A 

In a similar manner : — 

DG : FC :: AD : AF{= CF); 

_ _ . , i? cos. J. cos. A 

therefore, D G = cot. -4 = ^— ; — = — — 7. 

sin. J. sm. -4 

Again, from similar triangles, AD G and ABB, 

DG : ^li? :: DA : J?jff; 

^ 2 1 

therefore, D G = cot. -4 = - = - -. 

tan. A tan. A 

These results have already been obtained by the 
method of ratios (Art. 64). 

99. In Arts. 14 and 15 we have obtained the tri- 
gonometric functions of an angle of 30° and of 45° 
respectively. By means of the solution of Example 19 
at the end of Chapter VII., we can find the trigono- 
metric functions of an angle of 18°. By Art. 75 we 
can then obtain, from these functions, the functions of 
an angle of 15°, 22£°, and 9° ; and then the functions 
of an angle of 7° 30', 11° 15', 4° 30' ; and then the func- 
tions of the halves of these angles, and so on. Also by 
means of Arts. 67, 68, and 72, we can obtain the func- 
tions of the sums and differences of the angles thus 
found. 
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By these methods, however, we can ascertain the 
trigonometric functions of only a part of the angles of 
the first quadrant. 

By the method given in outline in the following 
article, we can ascertain the trigonometric functions of 
any angle of the quadrant. 

100. Outline of a method 
of constructing tables of trigon- 
ometric functions of angles of 
the first quadrcmt. 

Let A be a small acute 
angle ; CA D its triangle of reference. 

From J. as a centre with a radius A C describe the 
arc CE y intersecting the sides of the angle in C and E. 
IS. D A C were one of a number of equal angles at 
the centre of a circle, CD would be half the side of a 
regular polygon inscribed in the circle. By increasing 
the number of sides of the polygon, that is, by decreas- 
ing the size of the angle at the centre, CD would very 
nearly equal the arc CE (Ch. 14, V.). Consequently, 

CD 

if the angle A were small enough, ——would approxi- 

C E CD 

mately equal -^-j. But -^-j = sin. A ((1) Art. 4), and 

C E 

-=-r = the circular measure of A (Art. 80) ; therefore, 

of a very small angle the sine approximately equals the 
circular measv/re. 

In the construction of trigonometric tables, the angle 
A is taken as very small, and the sine of the angle is 
taken as equal to its circular measure. The angle is 
sometimes taken as V and sometimes as 10*. 
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Suppose, then, A equal to 1', and that its sine is 
taken as equal to its circular measure ; then : 

Sin 1' = .00029089 (Art. 83). 

Cos. 1' = /l-sin.T = V (1 + sin.l')(l -smTl') 
= 1^1.00029089 x .99970911 = .999999957. 

Now by equations (a) and (c) of Art. 69, 

Sin. (x + y) = 2 sin.® cos.y — sin.(a? — y). 

Cos. (x + y) = 2 cos.® cos.y — cos.(a? — y). 

In these equations let y = 1', and let a; be in succes- 
sion 1', 2', 3', etc., and we shall have for the sines 

(1) Sin.2' = 2 sin.l' cos.l' ; 

(2) Sin.3' = 2 sin. 2'cos. 1' - sin.l' ; 

(3) Sin.4' = 2 sin.3 7 cos.l' — sin.2', etc. ; 
and for the cosines 

(4) Cos.2' = 2 cos.'l' - 1 ; 

(5) Cos.3' = 2 cos.2' cos.l' — cos.l' ; 

(6) Cos.4' = 2 cos.3' cos.l' — cos.2' ; etc. 

By substituting in equation (1) for sin. 1', its value, 
and for cos. 1' its value, we obtain sin. 2' ; then, by sub- 
stitution of values in (2) we obtain sin. 3' ; and so on. 

By substituting in equation (4) for cos. 1' its value, 
we obtain ccfe. 2' ; and then by substitution of values in 
(5) we obtain cos. 3' ; and so on. 

Thus, starting with the sine and the cosine of 1', we 
find the sine and cosine of 2', of 3', of 4', etc. 

The tangents, cotangents, secants, and cosecants are 
derived from the sines and cosines by means of the 
equations of Art. 64. 

™ ~/ sia« 2' ^. 1 

Thus, tan. 2 = -. ; sec. 2' = — ; etc. 

' cos. 2' ' cos. 2' ' 

It is not necessary to obtain the functions of all the 
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angles of the quadrant by the above method. For in- 
stance, suppose we have obtained the functions of an- 
gles up to 45°, at intervals of 1/. Then, denoting by x 
the excess of any angle over 45°, we have- — 

sin. (45° + x) = cos. (45° - x) ; 

cos. (45° + x) = sin. (45° - x) ; 

tan. (45° + x) = cot. (45° — x) (Art. 5) ; 
since 45° + x is the complement of 45° -— x. 

Let the angle, whose functions are required, be 47° 35'. Then 

z = 2° 85', and 

sin. 47° 85' = cos. 42° 25' ; 

cos. 47° 35' = sin. 42° 25' ; 

tan. 47° 85' = cot. 42° 25;' etc. 
The right-hand members of these equations are supposed to be al- 
ready obtained. Therefore we shall know their equals, sin. 47! 35', etc 

The results obtained by the methods of Art. 99 
may also be used to test the accuracy of the work by 
the method of this article. 



CHAPTER XL 

DEFINITIONS. — THEOREMS OF RIGHT-ANGLED TRIANGLES. 

Art. 101. Spherical Trigonometry teaches the 
methods of finding the unknown parts of triedral an- 
gles from certain known -parts, by means of the solution 
of spherical triangles. 

102. A spherical triangle is formed by the inter- 
section of the planes of a triedral angle with the wrface 
of the sphere, the vertex of the triedral angle being at 
the centre of the sphere. The sides of the spherical 
triangle are arcs of great circles (Oh. Art. 26, VIII.), 
which measure the face angles of the triedral angle 
(Ch. Art. 53, II.). The angles of the spherical triangle 
are equal to the diedral angles of the triedral angle 
(Ch. 16, VIII.). 

103. The face angles of a triedral angle are assumed 
to be each less than two right angles. Therefore each 
side of a spherical triangle will always be assumed as 
less than 180°. Each angle of a spherical triangle is 
less than 180°. 

(a) The trigonometric functions of a side of a tri- 
angle are the trigonometric functions of the angle 
measured by the side. 

104. A right triedral angle is a triedral angle one 
of whose diedral angles is a right diedral angle (Ch. 
Art. 43, VI.). 
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A right-angled spherical triangle is a spherical tri- 
angle one of whose angles is a right angle. It is formed 
on the surface of a sphere by the planes of a right trie- 
dral angle, whose vertex is at the centre of the sphere. 

The hypotenuse is the side opposite the right angle. 

105. A quadrcmtal triangle is a spherical triangle 
one of whose sides is a quad/rant. It is formed on the 
surface of a sphere by the planes of a triedral angle 
(whose vertex is at the centre of the sphere), one of 
whose face angles is a right angle. 

106. In a rigM -angled spherical triangle, not a 
quadrcmtal triangle, the three sides a/re each less them 
90° ; or, of the three sides, one is less thorn 90°, and the 
other two are each greater than 90°. 




Let OAJSCbe a right triedral angle, of which each 
of the face angles is less than 90°. The planes of these 
face angles will form on the surface of the sphere a 
triangle ABC, each of whose sides is less than 90° 
(Art. 102). Let the triangle be represented on the but- 
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face of a hemisphere of which the base is the circle 
BOB'C. Let the planes of the face angles, A OC and 
A OB, produced intersect the surface of this hemi- 



sphere in the arcs CAC\ BAB' (which are semicircles 
(Ch. Art. 32, VIII.), and let the face BOO coincide 
with the baae of the hemisphere. 

By hypothesis the triangle ABC has its three sides 
each less than 90°. 

In the triangle B AC, BA is less than 90° ; BO' 
and A C are each the supplement of an arc less than 
90°, and are, therefore, each greater than 90°. 

In the triangle BA <7, AG is fewthan 90°; B' O and 
B'A are each greater than 90°, being each the supple- 
ment of an arc less than 90°. B'OO = BOO] there- 
fore the arc B'C = the arc BO, and is less than 90°. 
Consequently in the triangle B'AC, one side, 2?' (7, is 
less than 90°, while the other two sides, B'A and O A, 
are each greater than 90°, being each the supplement 
of an arc which is less than 90°. 
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The triangles ABC, BAG', CAB', and BAG' are 
the only, four kinds of triangles, not quadrantal, into 
which the surface of the hemisphere can be divided. 
The four triangles, on the surface of the other hemi- 
sphere, formed by producing the planes AOC and 
A OB to meet the surface of that hemisphere, will be 
symmetrical to these (Ch. Art. 63, VIII.), and will 
therefore have their sides either each less than 90°, or 
one side less than 90°, and the other two sides greater 
than 90°. 

The principle stated therefore holds true for the 
whole surface of the sphere. 

107. Two angles or two arcs, or an angle and an 
arc, are said to be of the same species when both are 
less than 90°, or both are greater than 90°. 

108. In a right- angled spherical triangle, a side 
about the right angle and its opposite angle are always 
of the same species. 

Let a triangle ABC be constructed on the surface 
of a hemisphere having its sides each less than 90°, and 
let the figure be completed as in Art. 106. Then the 
hypotenuse will be greater than either of the other sides. 

For from C draw, in the plane BOC,& straight line, 
CD, perpendicular to the radius OB. CD will be 
perpendicular to the plane AOB (Ch. 18, VI.), and 
therefore perpendicular to the straight line AD, in that 
plane, drawn from D to A (Oh. Art. 6, VI.). 

Now OD + DA >OA (Euc. 20, I. Ch. 17, I.); 
therefore OD + DA > OB, and taking away OD 

DA >DB; 
therefore the chord CA is greater than the chord CB 
(Euc. 47, 1. Ch. 4, VI.), and the arc CA is greater than 
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the arc CB. Since the arc CA is greater than the arc 
CB, the angle CBA is greater than the angle CAB 
(Ch. 26, VHL); but CBA is an angle of 90°; there- 




fore the angle CAB is less than 90° ; bnt the side CB 
is by hypothesis less than 90° ; consequently the side 
CB and its opposite angle are of the same species. 

In a similar manner it can be proved that AB and 
the angle ACS are of the same species. 

In the triangle BAG, BA and BC'A are both less 
than 90° ; BC is the supplement of BC, which is less 
than 90°, and is therefore greater than 90° ; but its op- 
posite angle BAC is also greater than 90° being the 
supplement of BAC, which has just been proved to be 
less than 90°. 

In the triangle B'AC, the two sides SA, B'C, and 
their opposite angles B r CA, B'AC are all greater than 
90°, being the supplements of parts of the triangle 
BAC, which are all less than 90°. 

In the triangle B'AC, B'C and its opposite angle 
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A are both less than 90°, while B'A and the opposite 
angle SO A are both greater than 90°. 

The principle of the article holds true for the trian- 
gles on the surface of the hemisphere represented by 
the figure ; it also holds true for the triangles symmetri- 
cal to these on the surface of the other hemisphere, and 
therefore holds true for the surface of the whole sphere. 

If the triangle had two right angles, the sides oppo- 
site these would be quadrants (Ch. Art. £9, VIII.), but 
the remaining side and its opposite angle would be of 
the same species (Ch. 16, VIII.). 

109. In a right-angled spherical triangle, the sine 
of either of the sides about the right angle is equal 
to the product of the sine of the hypotenuse by the 
sine of the angle opposite the side.* 
n ^ Let ABO be a right-angled 

triangle on the surface of a sphere 
whose centre is the vertex, O, of 
the triedral angle, which forms 
\ ^>C " r *^ e triangle by the intersection 
jg^ ^J$ of its planes with the surface. 

Let B be a right angle, then 
OB is the edge of a right diedral angle (Art. 104). 

Then we are to prove sin. a = sin. b sin. .4.. 

From any point J? in A draw FD in the plane 
A 00, and FE in the plane A OB, both straight lines 
at right angles to OA. Let FD meet 00 at D, and let 
JPFmeet OB at K Draw the straight line DE 

OA is perpendicular to the plane DFE (Ch. 5, VI.). 

The plane OAB is perpendicular to the plane DFE 

* This theorem can be easily remembered by its resemblance to (1) 
Art SO. 
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(Oh. 17, VI.). The plane OBO is perpendicular to the 
plane OAB by hypothesis. 

Thus two planes, BFE, and OBO, are perpendicu- 
lar to a third plane OAB ; therefore their line of inter- 
section BE is also perpendicular to the plane OAB 
(Ch. 20, VL). 

Consequently BEF, and DEO, are right-angled tri- 
angles (Ch. Art. 6, VL). 

BFO wd EFO w nghUm- ^^T— — 
gled triangles by construction. \^Ce 

DEE is the plane angle of *\ N ... / 
the diedral angle whose edge is \ JX; /** 

OAy and therefore is equal to \ ^r ^ 

the angle J: of the spherical tri- 
angle ABO (Ch. Arts. 39 and 45, VI. Prop. 16, 
VHL). 

Denote the sides opposite the angles of the spherical triangle by 
small letters of the same name. 

sin. a = sin. BOO ((a) Art. 103) = ^((1) Art. 4) 

^BF BE. 
BO BF 9 

but — — ■ = sin. 00 A = sin. h ; 
BO 

and -=^ = sin. BFE= sin. A ; 
BF 

. • . (1) sin. a = sin. h sin. A. 

By drawing FB, and EB perpendicular to 00, it 
can be proved that 

(2) sin. o = sin. h sin. C. 

110. In the preceding article the demonstration has 
been applied to a figure drawn to represent a triangle 
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of which the sides are each less than 90°, but the theo- 
rem is true for all right-angled triangles. 

Let ABC represent a triangle on the surface of a 



hemisphere. Let the three sides, 0, 6, and c, be each 
less than 90°. Then the angles, A and C, are each less 
than 90° (Art. 108). Complete the figure as in Art. 106. 

Not considering the right angle, of the five parts 
(three sides and two angles) of each of the triangles 
B A C\ B'A Oj and B'A C y one part, as in the triangle 
B'AC 9 is the same as a part of ABC; or two parts, as 
in the triangle B'AC\ are equal to parts in the triangle 
ABC, and the other parts are the supplements of parts 
of the triangle ABC Therefore the theorem is true 
for these triangles (Art. 46, (a) Art. 103). 

Thus in the triangle B'A C, 
sin. B'C=sm. a; sin. AC= sin. b; sin. CAB' 
= sin. A ; but, according to previous article, 
sin. a = sin. b sin. A ; substituting, 
sin. B'C= sin. A C X sin. CAB'. 
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In a similar manner the theorem may be proved true 
for the triangles B A C and B'A O. 

If A and B were both right angles the theorem 




would still be true, for in that case AOvsA BG would 
be quadrants (Ch. Art. 89, VIII.), and sin. a, sin. J, and 
sin. A would each be 1 ; also c would equal C (Ch. 16, 
VIH.). 

111. In a right-angled spherical triangle, the cosine 
of the hypotenuse is equal to the product of the cosines 
of the other two sides. 

Let ABC be a triangle right- 
angled at B, and on the surface 
of a sphere whose centre is 0, 
the vertex of the right triedral 
angle OABO. Then we are to 
prove that cos. b = cos. a cos. c. 

Construct the triangle DEF as in the figure of 
Art. 109. 

6 
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cos. b = cos. AOO= Q? ((4) Art. 4) 

= OE OF. 
OD * OE' 

but — — = cos. BOO= cos. a ; and — - = cos. AOB 
OD OE 

= cos. o ; 

therefore cos. b = cos. a cos. e. 

This proposition may be proved to be true for all right-angled trian- 
gles by applying the principle of Art. 46, with regard to the cosine, to 
the figure of the preceding article. 

112. In a right-angled spherical triangle the tan- 
gent of either side about the right angle is equal to the 
product of the tangent of the opposite angle by the sine 
of the other side.* 

Let ABO be a spherical tri- 

V-T '-pf -*-^t? aBgk* right-angled at B, formed 

Y^X^ y] by a right triedral angle whose 

*\ s \ / J vertex is at the centre, 0, of the 
\ y\ / sphere. 
^<C ->h Then we jtre to prove 

tan. a = tan. A sin. c. 
Construct the triangle BEF&& in Art. 109. 
Then DFO^ and EFO, are triangles right-angled 
at F; and DJEF 9 and DEO, are triangles right-angled 

at F. (See Art 109.) 

* BE 
tan. a = tan. BOC= ^ ((2) Art. 4) ; 

EO 

#*= ^J x U= tan. DFEx sin. AOB 
EO EF EO 

= tan. A sin. c ; therefore 

* This theorem mayibe remembere'd by its resemblance to (2) Art. 82. 
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(1) tan. a = tan. A sin. c. 

By drawing FD and ED at right angles to OC it 
may be proved 

(2) tan. o = tan. G sin. a. 

113. In a right-angled spherical triangle, the tan- 
gent of either side about the right angle is equal to the 
product of the cosine of the adjacent oblique angle by 
the tangent of the hypotenuse.* 

Construct the figure as in Art. 109. Then we are 
to prove tan c = cos. A tan. ft. 

* * Ann EF EF FD 

tan. c = tan. AOB = — - = — ■ x «=— ; 

FO FD FO ' 

EF 
but =^- = cos. DFE= cos. A ; 

FD ' 

and —— = tan. AOC = tan. b ; 
FO ' 

. • . (1) tan. c = cos. A tan. b; 

In a similar manner it may be proved 

(2) tan. a = cos. O tan. b. 

The theorem of this article and the theorem of the preceding article 
can both be shown to be true for all right-angled triangles, by applying 
Art. 46 to the figure of Art 110. 

114. The Cvrcrdar Parts of a right-angled spherical 
triangle are the sides about the right angle, the comple- 
ments of the hypotenuse and the oblique angles. 

The right angle is not considered one of the circu- 
lar parts. 

Of the five circular parts any one may be taken as 
the middle party and then the two next to this, one on 
the one hand and the other on the other (not counting 

* This theorem may be remembered by its resemblance to (2) Art. 29. 
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the right angle as a part) are called adjacent parts, and 
the remaining two, each separated from the middle 

part by an adjacent part, are called 

opposite parte. 

Thus a, c, 90°-ft, 90°-.4, and 90°— C, 
are the circular parts of the triangle ABC 
right-angled at B. 

If a is the middle part, 
adjacent parts are c y 90°— C; opposite parts 
are 90°-.4, 90°-ft. 
If c is the middle part, 
adjacent parts are «, 90°— A ; opposite parts are 90°— 6, 90°— C. 

If 90° -ft is the middle part, 
adjacent parts are 90°— A, 90°— C; opposite parts are a, <?. 

If 90° -.4 is the middle part, 
adjacent parts are 90° —ft, c ; opposite parts are a, 90°— (7. 

If 90° - C is the rotdtffc part, 
adjacent parts are a, 90°— ft ; opposite parts are <?, 90°— -4. 

115. Stapler's rule of the Circular Parts. 

The sine of the twiddle part is equal to the product 
of the tangents of the adjacent parts; and the sine of 
the middle part is equal to the product of the cosines 
of the opposite parts. 

Let ABO be a spherical triangle right-angled at B. 

We shall take each circular part in succession as, a middle part; be- 
ginning with 90°— ft, and next taking 90°- C, and so on. 

Taking 90°— b as the middle part we are to prove 
sin. (90° -J) = tan. (90° -J.) tan. (90° -C7); or (Art. 5), 
(1) cos. b = cot. A cot. C. 
Now, according to Art. 112, 
(a) tan. a = tan. A sin. <?, and 
(5) tan. c = tan. C sin. a. 



THEOREMS OF RIGHT-ANGLED TRIANGLES. 



125 



Divide equation (ft) by equation (a), putting the 
second member of (ft) over the first member of (a). 

tan. C sin. a tan. c 



tan. a 
tan. Ccos. a = 



tan. A sin. o 



(c) cos. a cos. c = 



tan. A cos. 
1 



((J) Art. 64), or 



= cot. A cot. C 




tan. J. tan. C 

((f) Art. 64) ; but, according to Art. Ill, 
cos. ft = cos. a cos. ; therefore from (0) 
cos. J = cot. A cot. (7. Again, 
sin. (90°— b) = cos. a cos. e, or 

(2) cos. b = cos. a cos. (proved 
under Art. 111). 

Next take 90°— O as middle 
pari, and we are to prove 

sin. (90°— O) = tan. a tan. (90°— ft), or 

(3) cos. 67= tan. a cot. J, and 

sin. (90° -C) = cos. c cos. (90°— ul), or 

(4) cos. C = cos. sin. -4. 

To prove (3) we have from Art. 113 
cos. C tan. ft = tan. a ; therefore 

cos. C = — °— = tan. a cot. b ((f) Art. 64). 
tan. b 

To prove (4) 

/^\ rt j. x x s i n » # v . COS. ft 

(a) cos. O = tan. a cot. ft = X = 

cos. a sin. ft 

((b), (<*), Art. 64) ; 

. sin. A = ^-? (Art. 109). 
sin. ft 
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Also cos. ft = cos. a cos. c (2) ; 
substituting these values for 
their equivalents in second mem- 
a ber of (d) 

cos. G = cos. c sin. A. 
^ Let a be the middle part, then 

A i: we are to prove 

(5) sin. a = tan. c tan. (90°— C) = tan. c cot. O; 

(6) sin. a = cos. (90°-ft) cos. (90°-^i) 

= sin. ft sin. A. 
To prove (5) 

sin. a = — ^- (Art. 112) 
tan. C 

= tan. o cot. C; 
(6) is proved under Art. 109. 
Let c be the middle part, then 

(7) sin. c = tan. a cot. J. ; proved in the same 
manner as (5). 

(8) sin. c = sin. ft sin. C (Art. 109). 
Lastly, let 90° — A be the middle pari, then 

(9) cos. A = cot. ft tan. ; proved by Art. 113 ; see 
proof of (3). 

(10) cos. J. = cos. a sin. G\ 

(e) cos. A = -t—^ x — — ((9), and (ft) and (d) 



sin. ft cos. 



of Art. 64), 



sin. 



sin. (7 = — '-- ; also cos. ft = cos. a cos. ; substi- 
sin. ft 

tuting these values in (e) 

cos. -4. = cos. a sin. (7. 



CHAPTER XII. 

SOLUTION OF RIGHT-ANGLED TRIANGLES. 

Abt. 116. Any two parts (in addition to the right 
angle) of a right-angled spherical triangle being known, 
the triangle can be solved, and the unknown parts can 
be obtained in terms of the known parts, by applying 
Napier's rule. 

117. To find any unknown part from two known 
parts, care should be taken in applying Napier's rule to 
make such a selection of one of the three parts for a 
middle part that the other two should be either both 
adjacent parts or both opposite parts. 

118. Care should also be taken to observe the signs 
of the trigonometric functions, as the sign of the result 
will determine generally whether the arc or angle is 
< 90° or > 90° (Art. 46). 

119. The two parts, which may be given (in ad- 
dition to the right angle) to solve a right-angled spher- 
ical triangle may be : 1. the hypotenuse and a side ; 2. 
the hypotenuse and an angle; 3. the two sides about 
the right angle; 4. a side and an adjacent angle; 5. 
a side about the right angle and the opposite angle; 
6. the two angles. 

120. Case I. — The hypotenuse and a side, of a 
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right-angled spherical triangle, being hnown, to solve 

the triangle. 

In the triangle ABC> right-angled at B, suppose 

ft and a to be known. It is required to find c and the 

angles A and C in terms of a and ft. 

To find o take 90°— ft as the 

middle part, and a and c as the 

opposite parts ; then 

cos. ft = cos. a cos. c (Art. 115) ; 

, x cos. ft 
(a) or cos. o = . 

cos. a 
To find A take a as a middle 
part, 90°— A and 90°— ft as */>- 
posite parts ; then 

sin. a = sin. J. sin. ft ; whence 

/i\ • a sin. a 
(6) sin. A = -; — . 

sin. ft 

To find C take 90°— C as a middle part, a and 
90°— ft as adjacent parts ; then 
(<?) cos. (7= tan. a cot. ft. 
As from equation (a) is obtained by means of its 

cosine, the sign of — — will determine whether c is 

cos. a 

< 90° or > 90° (Art. 46). If a and ft are both < 90° 

or both > 90°, — '— will be positive, and cos. c will 

cos. a 

also be positive, and therefore c will be < 90°. If a 

and ft are not of the same species (Art. 107), — - — will 

cos. a 

be negative, and consequently cos. will be negative, 

and, therefore, c will be > 90°. 
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Though from (ft) A is obtained by means of its sine, 
A can have only one value, since A and a are of the 
same species (Art. 108). 

Also as G is found from its cosine, the sign of 
tan. a cot. ft will determine whether C is < 90° or 
> 90°. Again C and c must be of the same species 
(Art. 108). 

As check on work, form an 
equation in which only the three 
required parts occur. In the pres- 
ent case after c 9 Ay and C are 
found, if' the results are correct, 
the equation made by applying 
Napier's rule to 90°— C as a mid- A 
die part, c and 90°—^. as opposite parts, that is 

cos. C= cos. c sin. A, 
should be a true equation. 

If it prove not to be a true equation, there must be 
some error in the previous calculations. 

121. Case II. — The hypotenuse and an angle of a 
right-angled spherical triangle being known, to solve 
the triangle. 

B being the right angle, suppose b and A are given 
to find (7, a, and c. 

Take 90°-ft as a middle part, 90°-.A and 90°-^ 
as adjacent parts ; then 

cos. b = cot. A cot. O (Art. 115) ; 

/ \ * n cos. J 
(a) cot. 6 7 = -. 

cot. A 
To find a, use it as a middle part, and 90°— A } 
90°— ft as opposite parts, 
(ft) sin. a = sin. ft sin. A. 
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To find c, take 90°— A as middle part, and o } 
90°— 6 as opposite parts. 

cos. A = tan. o cot. &, whence 

, N , cos. ud. 
(c) tan. o = -. 

cot. o 

As C is found by means of its cotangent, and as c 

is found by means of its tangent, 
the sign of the equivalent frac- 
tion in each case will determine 
whether the quantity is < 90° or 
> 90° (Art. 46). 

Though a is found by means 
of its sine, it can have but one 
value, being < 90° or > 90°, ac- 
cording as A is < 90° or > 90° (Art. 108). 
As check on work, use the equation 

sin. a = cot. G tan. c. 
122. Case III. — The two sides about the right angle 
of a right-angled spherical triangle bemg known, to 
solve the triangle. 

Suppose a and <?, about the right angle i?, to be 
known, it is required to find A, b, and G 

To find A take c as a middle part, and 90°— A 
and a as adjacent parts ; then, 

sin. c = cot. A tan. a (Art. 115) ; 

, . . A sin. c 

(a) cot. A = . 

tan. a 

To find by take it as middle part, 

(b) cos. b = cos. a cos. c. 

To find G take a as a middle part, and o } 90°— G 
as adjacent parts. 
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sin. a = cot. C tan. c, or 
sin. a 



(c) cot. C= 



tan. o 




As A and 67 are each found by means of its cotan- 
gent, and as b is found by means of its cosine, each of 
these quantities can have only one 
value, which will be determined 
by the sign of its trigonometric 
function (Art. 46). 

As check on work, use the 
equation 

cos. b = cot. A cot. C. 

123. Case IV. — A side about 
the right angle, of a right-angled spherical triangle, and 
the adjacent oblique angle being known, to solve the tri- 
angle. 

B being the right angle, suppose c and A are known ; 
it is required to find b, C, and a. 

To find J, take 90°—^. as the middle part, and 
90°— &, c, as adjacent parts. 

cos. A = cot. b tan. c (Art. 115), or 

/ \ xt cos. A 
(a) cot. b = . 

tan. c 

To find C 9 take 90°— C as middle part, and c, 
90°— A as opposite parts. 

(J) cos. C = cos. c sin. A. 

To find a, take c as middle part, and a, 90°—^. as 
of*** jA*. 

sin. o = tan. a cot. .4, or 

, N , sin. c 
(o) tan. a = -. 

cot. A 
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As the required parts are found by means of the 
cotangent, cosine, and tangent respectively, each can 
have but one value, which will be determined by the 
sign of its trigonometric function (Art. 46). 

As check on work, use the equation 

cos. C= cot. b tan, a. 

124. Case V. — A side about 

the right angle, of a right-angled 
spherical triangle, cmd the oppo- 
site angle being known, to solve 
the triangle. 

B being the right angle, a and 
A are given ; it is required to find 
&, C y and c. 

To find b, take a as a middle part, and 90°— A, 
90°— b as opposite parts. 

sin. a = sin. b sin. A (Art. 115) ; 

z v . , sin. a 

(a) sm. o = — . . 

sin. A 

To find (7, take 90° —A as middle part, and a, 

90°— C as opposite parts. 

cos. A = cos. a sin. C\ whence 

/"T\ a y> - C/OS. J-X. 

{b) sm. C= . 

cos. a 

To find c, make it the middle part, and a, 90°— A 
adjacent parts. 

(c) sin. = tan. «cot. -4.. 

As, in this case, each of the required parts is ob- 
tained by means of its sine, each part will have two 
values (Art. 46), and there will be solutions answering 
to two triangles, each of which will contain the given 
parts. 
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The required parts of one will be supplements of 
the required parts of the other. 

As check on work, use the equation 

sin. c = sin. b sin. C 

125. That there will be two right-angled spherical 
triangles containing the same given parts, when those 
parts are a side and the opposite angle, will be evident 
from the accompanying figure. 




Let BA'OAC be an ungula in a hemisphere of 
which the base is the circle, APA', and the centre 
O. The lune ABA'C will be the base of the wedge 
(Oh. Art. 90, VIIL). 

Let a plane BCPO be passed through the pole, P, 
of the circle ABA\ through the centre, O, and any 
point, B 3 of the arc ABA' (Ch. Art. 33, VIII.). The 
wedge will be divided into two right triedral angles, 
OB AC j OBA'C, having the face angle, BOC 9 in com- 
mon, and having the diedral angles, A and OA\ the 
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same, since these are parts of the diedral angle AA'. 
The remaining parts of the one are the supplements of 
the corresponding parts of the other. 

The lune will be divided into two right-angled tri- 
angles, corresponding to the right triedral angles, hay- 




ing the side a in common, and having the angle A 
equal to the angle A 1 (Ch. 16, VIII.)? and having the 
remaining parts of the one the supplements of the cor- 
responding parts of the other. 

This case of the solution of right-angled spherical 

triangles is called the cmbiguous 
case. 

126. Oasb VI.— The two an- 
gles of a right-angled spherical 
triangle being known, to sofoe the 
tricmgle. 

B being the right-angle, sup- 
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pose A and C to be known ; it is required to find &, 

a, and e. 

To find J, make 90°— b the middle part ; then 

c (a) cos. b = cot. A cot. C 

(Art. 115). 

To find a, make 90°— J. the 

a middle part. 

cos. .4 = sin. C cos. a, or 

/X v cos. A 
(o) cos. a = — . 

sin. C 

To find c, make 90°— G the middle part 

cos. C= cos. c sin. -4., or 

, N cos. C 
(e) cos. e = -. 

sin. A 
As check on work, use the equation 
cos. b = cos. a cos. a 



Suppose A y B y C to be a right-angled 
spherical triangle of which the hypotenuse, 
o, is 100° and the side, a, is 60°. Required 
to find the other parts. 




cos. b = cos. a cos. e. 
cos. 6 



. cos. c = 



cos. a 
cos. 100° 



sin. a = sin. b sin -4. 

sin. a sin. 60° 
. * . sin. A = 



cos. 60° 
.-.c>90°. 



= - quantity. 



Log. cos. 100° 
Log. cos. 60° 

Log. cos. 69° 40' 40.7* 
.-. c = 110° 19' 19.3* 



9.289670 
9.698970 



sin. b sin. 100° 
A of same species as a. 
.-. .4<90 o . 

Log. sin. 60°= 9.937631 
Log. Bin. 100°= 9.993351 



9.640700 Log. sin. 61° 34' 6f 9.944180 
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(Check.) 
cos. C— cos. c sin. A. 
cos. C = tan. a cot. 6. Log. cos. e = 9.640700 

= tan. 00° cot. 100° = — quantity. Log. cos. A = 9.944180 

.-. C> 90°. 9.484880 

Log. tan. 60°= 10.238561 Log. cos. C= 9.484880 

Log. cot 100°= 9.246819 

Log. cos. 72° 18' 2.27" 9.484880 
.-. C= 107° 46' 67.78*. 

(Examples worked by six-place logarithm tables, and answers given 
to nearest tenth of second.) 

Solve a right-angled triangle when there are given 

Hypotenuse and a side. 

^ Example 1. Hypotenuse, 72° ; side, 18°. Ans. Side, 71° 80' 86" ; 

angles, 13° 40' 64" ; 86° 41' 63". 

2. Hypotenuse, 64° 40' ; side, 137° 60'. 

Hypotenuse and an angle. 

3. Hypotenuse, 73° ; angle, 15°. Am. Angle, 86° 31' 14" ; 

sides, 14° 19' 48.7"; 72° 26' 11.8". 

4. Hypotenuse, 92° ; angle, 96°. Ans. Angle, 68° 15' 10" ; 

sides, 95° 28' 5" ; 68° 9' 55.6". 

Two sides about the right angle. 

6. 63° and 42°. Ans. Hypotenuse, 70° 16' 67i" ; 

angles, 71° 10' 25|" ; 45° 18' 2". 

6. 16° and 116°. Ans. Hypotenuse, 114° 66' 20.5" ; 

angles, 17° 41' 40" ; 97° 39' 24.4". 

7. 100° and 185°. 

A side about the right angle and an adjacent angle. 

8. Side, 89° ; angle, 61°. Ans. Hypotenuse, 69° 6' 29.4" ; 

side, 48° 87' 34.3" ; angle, 47° 10' 45.6". 
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9i Side, 100° 85' ; angle, 50° 2\ Ana. Hypotenuse, 96° 50' 37.6' ; 

side, 49° 32' 55.3" ; angle, 98° 5' 31.5". 

10. Side, 112° 4' ; angle, 100° 6'. 

A side about the right angle and an opposite angle, 

11. Side, 25° 16' ; angle, 36° 13'. 

. _ , 46° 15' 15.5' ; 

Ana. Hypotenuse, w # uj? . 

40° r 40' ; 63° 8' 36.4'. 

""* 189° 62' 20"; ***** 116° 51' 26.6". 

12. Side, 114° 2' ; angle, 102° 15'. 

. _ , 69° 9' 42.5"; 

Ana. Hypotenuse, 110 . W1W; 

29° 8' 13.2" ; 81° 28' 52.6'. 

Wde » 150° 51' 46.8" ; "*■* 148° 86' 1A\ 

13. Side, 62° 10' ; angle, 74° 1'. 

Two angles. 

14. 56° and 40°. Ana. Hypotenuse, 86° 80' 8f * ; 

sides, 29° 82' 49.2" ; 22° 28' 45.6". 
16. 181° 20' and 110° 16'. Ans. Hypotenuse, 71° 3' 67.6" ; 

sides, 134° 44' 41' ; 117° 26' 68.9". 
16. 50° and 120°. 



CHAPTER XHI. 



QUADRANTAL TRIANGLES. 



Abt. 127. A quadrantal triangle is formed by a trie- 
dral angle (at the centre of a sphere), one of whose face 
angles is a right angle (Art. 105). 

Thus suppose OABC is a triedral angle (at the cen- 
tre, 0, of a sphere), having one of its face angles, A OC, 




a right angle. Then the planes of the faces of the trie- 
dral angle will form, by their intersection with the sur- 
face of the sphere, a quadrantal triangle, ABC, of which 
the side, AC, which measures the right angle, AOC, is 
a quadrant (Ch. Art. 53, II.). 
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128. The polar triangle of a quadramtal triangle is 
a right-angled triangle. 

Let ABC be a quadrantal triangle, having its side, 
AC or J, a quadrant. Let A'B'C be the polar triangle 




of ABC (Ch. Art. 67, VIIL). Denote the sides of 
the triangle ABC by a, &, 0, and the sides of A'B'C 1 by 
a', &', and d, respectively. 

Then A'B'C r is a right-angled triangle, right-an- 
gled at B. 

B' + b = 180° (Ch. Arts. 69 and 70, VHI.) ; there- 
fore 

B = 180°- 1 = 180°- 90° = 90°. 

129. Any two parts of a quadrantal triangle, in 
addition to the side which is a quadrant, being known, 
we can solve the polar right-angled triangle. 

For the two given parts of the quadrantal triangle 
are the supplements of two parts of the polar triangle 
(Ch. 18, VIIL). Two parts of the polar triangle, 
in addition to the right angle (Art. 128), will there- 
fore be known, and the polar triangle can be solved 
(Art. 116). 

Thus let ABC be a quadrantal triangle, haying the side, 6, a quad- 
rant. Let A'B'C be the polar triangle of ABC. Denote the sides of 
the triangle ABC by a, 6, c, and the sides of A'BC by a', b\ and c\ 
respectively. 
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(1) a' = 180°- A ; (2) V = 180°— B; (3) e' = 180°— C; also 
(4) A' = 180° — a ; (6) # = 180° — b = 90° ; (6) 0' = 180° — e 

(Ch. Art 70, VIII.). 

From equations (1) to (6) inclusive, it is evident that if we know any 

two parts of ABC, besides 6, we know two parts of A BO besides the 

right angle B. 

130. The polar right-angled triangle being solved, 
and all its parts being known, all the parts of the 




qnadrantal triangle will be known, as the sides of the 
one are the supplements of the angles of the other 
(Ch. 18, VIII.). 

131. To solve a quadrantal triangle we derive from 
Arts. 128, 129, and 130, the following rule : 

Take the supplements of the given parts of the qnad- 
rantal triangle for the given parts of the polar right- 
angled triangle; solve the polar triangle, and take the 
supplements of the parts fownd as the required parts 
of the quadrantal triangle. 

If in the quadrantal triangle we have given, in addition to the quad- 
rant, the other two sides, in the polar right-angled triangle we have given, 
besides the right angle, the two angles ((4) and (6), Art 129). 

If in the quadrantal triangle we have given any two angles, in the 
polar right-angled triangle we have given two corresponding sides ((1), (2) 
and (8), Art 129). 

If in the quadrantal triangle we have given, in addition to the quad- 
rant, a side and an angle, in the polar right-angled triangle we have given, 



QUADRANTAL TRIANGLES. 



141 



besides the -right angle, an angle and a side ((4) and (1) or (4) and (2), 
etc., Art. 129). 

In any example all these relations will be best seen by drawing the 
quadrantal triangle and its polar triangle. 



Example. Solve a quadrantal 
triangle of which there are given, 
in addition to the side which is 
a quadrant, a side equal to 64°, 
and an angle between the side 
and quadrant equal to 120°. 

Let b = 90° ; a = 64° ; 

C= 120°. 
.-.^ = 90°; .4' = 116°; 

e = 6o°. 

Solution of ABO* falls un- 
der Case IV. (Art 123). 
cos. A' = cot. b' tan. e\ 




. cot b' = 



cos. A' cos. 116' 



=— quantity .-. b' > 90°. 



tan. c' tan. 60° 

Log. cos. 116°= 9.641842 
Log. tan. 60° = 10.238561 

Log. cot. 75° 47' 49.48* = 9.403281 

V = 104° 12' 10.57*. 

sin. c' = cot A' tan. a' 



cos. C = sin. A' cos. C* 
= sin. 116° cos. 60° = + quantity. 
.\C"<90°. 

Log. sin. 116°= 9.953660 
Log. cos. 60°= 9.698970 



tan.a'= 



sin. c' sin. 60 c 



cot. A cot. 116° 
= — quantity. 
•.a'>90°. 

Log. sin. 60°= 9.937531 
Log. cot. 116° = 9.688182 



Log. cos. 68° 17' 41.95* = 9.662680 Log. tan.60° 36' 44.8* = 10.249349 

C"= 63° 17' 41.95*. «'= 119° 23' 15.2*. 

(Cheek.) cos. C'= cot b' tan. a'. 6'= 104° 12' 10.57* 
Log. cot. b'= 9.403281 . * . B = 75° 47' 49.43*. 

Log. tan. a' =10.249849 C'= 63° 17' 41.95* .* . c = 116° 42' 18.05/ 

Log.coa.C'= T^iS «'= 119 ° 23 ' 15 ' 2 ' • " A = 60 ° 86 ' *"' 
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Solve a quadrantal triangle when there are given, in addition to the 
side which is a quadrant : 

Example 1. The two angles adjacent to the quadrant, 75° and 104°. 
Am. Angle = 86° 24' 36.5' ; sides = W 25' 84.8' and 103° 82' 27'. 
2. The two other sides, 10° and 105°. 

Ana. Angles, 84° 24' 11.9' ; 69° 15' 45.4* ; .105° 59' 16.3'. 
8. A side 50°, angle between the side and quadrant 125°. 



CHAPTER XIV. 



THEOREMS OF OBLIQUE-ANGLED TRIANGLES. 



Art. 132. If from a point in the surf ace of a hemi- 
sphere, which is not the pole of its hose, arcs of great 
circles are drawn to the circumference of the great cir- 
cle, which is its base, of aU these arcs the greatest is 
that which passes through the pole, the least is that 
which when produced passes through the pole, and of 




the others that which is weaker to the greatest is greater 
than the more remote / cmd from this point equal 
arcs of great circles can he drawn only in pairs. 

Thus, let the figure PBECG represent a hemi- 
sphere having for its base the great circle BECO. 
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Let P be the pole of the base (Ch. Art. 27, VIII.). 
Suppose A to be any other point on the surface of the 
hemisphere. From A let the arcs APB, A C, AD, AE, 
AF, and AK, be drawn to the circumference, BECG. 
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Then, of these arcs APB is the greatest, AC is the 
least, and AD, which is nearer to APB, is greater than 
AE, which is more remote ; AE than AF, etc. 

Let M be the centre of the sphere of which the fig- 
ure represents the hemisphere. Join PM ; then PM 
is perpendicular to the plane of the circle, BECG (Ch. 
Art. 27, VIIL), and the planes, BPCM and BFCM, 
are perpendicular to each other (Ch. 17, VI.) ; also the 
' arcs BAG and BFC are perpendicular to each other 
(Ch. Art. 58, VIIL). BO is the diameter of the sphere 
common to the two semicircles BPCM and BFCM 
(Ch. Art. 32, VIIL). 

Now, let a perpendicular be let fall from A upon 
the plane of the circle BECG. It will lie in the plane 
BACK (Ch. Art. 51, VI.), and at L will meet at right % 
angles the line of intersection, BC, of the two planes 
B ACM and BFCM (Gh. Art. 6, VI.). 



THEOREMS OP OBLIQUE-ANGLED TRIANGLES. 145 

Draw the straight lines LD, LE, LF, and LK, in 
the plane BFCG; also draw the straight lines AB, 
AD, AE, AF, AK, and A G. 

Now, M is the centre of the circle BFCG (Ch. 
Art. 26, VllL), and L is a point in the diameter which 

P 




is not the centre; therefore LB is the greatest line 
which can be drawn from L to the circumference 
BFCG, LC is the least, and LD, which is nearer to 
LB, is greater than LE, LE than LF, etc. (Euc. 7, III. 
Ch. 17 and 24, 1.). 

Therefore of the straight lines, drawn from the 
point A to the points B, D, E, F, K, and G, AB is 
the greatest, AG is the least, and AD is greater than 
AE, ^JFthan AF (Enc. 47, 1. Ch. 4, VI.). 

Consequently, since in equal circles, or in the same 
circle, greater chords cut off greater arcs, the arcs being 
less than semicircumferences (Ch. 6, II.) of all the great 
circle arcs, drawn from A to points on the circum- 
ference BFCG, APB is the greatest, AC is the 
least, AD is greater than AE, AE than AF, and 
AF than AK, these arcs being arcs of equal circles 
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and all lees than semicircumferences (Ch. Art. 29 and 
32, VIIL). 

Again, from the point L equal straight lines can 
be drawn to the circumference BFCG only in pairs 
(Euc. 7, III. Oh. 20, 1.). Consequently, equal straight 
lines, and equal arcs of great circles, can be drawn from 
A to the circumference, BFCG, only in pairs (Euc. 
47, 1, and 28, III. Ch. 4, VI. and 5, II.). 

133. Let every point on the surface of the hemi- 
sphere be projected upon the plane of its base (Ch. 




Art. 56, VI.) ; that is, let the hemisphere itself be pro- 
jected upon the plane of its base. 

Let the figure BEOG represent the hemisphere thus 
projected, with the arcs also projected in the lines 
BPC, DAH, AK, and AR 

The arc BPC of the preceding figure will be pro- 
jected in the straight line BO. Therefore the straight 
line BPC will represent an arc on the surface of the 
hemisphere perpendicular to the arc BEOG. 
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By this method of projection ACE, ACE, A CD, 
and ABD, ABE, etc., are made to represent triangles 
right-angled at C and at B, respectively. 

134. If arcs of great circles are drawn to the cir- 
cumference of the base of a hemisphere, from a point 
on the surface not the pole of the base, of the two adja- 
cent angles made by these arcs with the ci/rcwnference 




of the bcbse, the one on the side toward the longer per- 
pendicular is an obtuse angle, and the other angle on 
the side toward the shorter perpendicular is acute. 

Let the hemisphere be. represented as projected on 
the plane of its base, and let AB, AD, AE, AK, be 
arcs drawn from A on the surface of the hemisphere 
(not the pole of the base) to the circumference BECG. 
Of these arcs let BAG be the one passing through the 
pole of the base. BAG will be perpendicular to the 
arc BECG (Ch. Art. 58, VHL). 

In the right-angled triangle ADB, AB is > AD 
(Art. 132) ; 



148 THE ELEMENTS OF SPHERICAL TRIGONOMETRY. 

. • . ABB is > ABB (Ch. 26, VIIL), i. e., is > 90°, 
or is an obtuse angle. 

Again, in the right-angled triangle ABC, AC is 
< AZ>(Art. 132); 

. • . the angle ABC is < the angle ACB (Ch. 26, 
VIIL), i. e., < 90°, or is an acute angle. 




In a similar manner it may be proved that the an- 
gles AEBy AKB, are obtuse, and that the angles 
A EC and A KG are acute. 

135. A perpendicular upon cm arc, which coincides 
with a side of an oblique-angled spherical triangle, 
drawn from cm angle opposite this side, falls within the 
triangle, if the other two angles are both acute, or are 
both obtuse ; but falls without if one of these angles is 
acute while the other is obtuse. 

Let BAKy BABy etc., be triangles represented on 
the surface of a hemisphere which is projected on the 
plane of its base (Art. 133). Let these triangles have 
the common vertex A, not the pole of the base. Let 
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P be the pole of the base. Let the great-circle arc, 
BAG, be drawn through P, and let it meet the circum- 
ference of the base in two points, B and C The angles 
at B and C will be right angles (Ch. Art. 58, VIIL). 




Suppose the triangle HAK to have the angles H 
and K acute ; also suppose the angles AEK, ADK, 
and A GH are acute. 

As the angle C is a right angle, ACM is greater 
than H\ therefore. A G is less than AH (Ch. 26, VIIL), 
and must be the shorter perpendicular* (Art. 132), for 
in the same maimer it may be proved less than AK or 
AE, or less than AD or AG; therefore it is the least 
arc from A, and it is perpendicular . by hypothesis. 
Now, as AG is the shorter perpendicular, the acute an- 
gle H lies toward AC; for the same reason, the acute 
angle K lies toward AC (Art. 134) ; that is, C lies be- 
tween .fiT and K, or the shorter perpendicular, AC, falls 
within the triangle AKH. In the same manner it may 
be shown to fall within the triangle HAE. 
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AC having been shown to be the shorter perpen- 
dicular, AB must be the longer perpendicular. As by 
hypothesis ADE is acute, ADB must be obtuse, and 
must lie toward the longer perpendicular (Art. 134); 




and, since AGH is acute, AGB must be obtuse, and 
must lie toward the longer perpendicular; therefore 
AB lies within the triangle ADG, of which the angles 
AGB and ADG are obtuse. In the same manner it 
may be proved that AB lies within the triangle AEG, 
the angles AGE and AEG being obtuse. 

Next let AEKbe a triangle having the angle AEK 
acute, but the angle AKE obtuse ; then both perpen- 
diculars, AC and AB, lie without the triangle. 

Since AEK is acute, AC lies to the right of A E 
(Art. 134). Since AKE is obtuse, A KC must be acute, 
and AC lies to the right of AK; therefore AG, the 
shorter perpendicular, lies without the triangle. 

Again, since AKE is obtuse, AB lies to the left of 
AK. Since AEK is acute, A EB must be obtuse, and 
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AB lies to the left of A E\ therefore the longer per- 
pendicular also lies without the triangle. 

136. In a spherical triangle — 1. the sum of two an- 
gles is 180°, if the sum of the opposite sides is 180° ; 
2. is less than 180°, if the sum of the opposite sides is 
less than 180° ; 3. is greater than 180°, if the sum of 
the opposite sides is greater than 180°. 




Suppose ABC to be a spherical triangle projected 
on the plane of the base of the hemisphere ABDB'. 
Let iyD be the projection of the arc drawn through 
C perpendicular to the arc AB produced. 

1. Suppose (a+b) = 180° ; then (A + B) = 180°. 

If a = b, then a and b each = 90° ; and A and B 
each = 90° (Ch. Arts. 38 and 58, VIII.). 

.-. ^ + jB = 180 o . 

Let a and b be unequal. 

Then a and b must lie on the same side of DD*. 

For if b were on one side of DD' and a on the other 
side, occupying the positions CA and CB f respectively, 
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they would together form an arc, ACB', equal to a 
semicircle, and the figure ABB'C would be a lune and 
not a triangle (Ch. Arts. 32 and 90, VllL). 

Therefore a and b both lie on the same side of DD\ 
Produce AC to meet the circumference of the base of 




the hemisphere in B\ Then ACB' is a semicircumfer- 
ence, and is equal to 180° (Ch. Art. 32, VIIL). 

Then h+ CB' = 180° = h + a ; 
.-. CB' = a=CB; 

and the angle CB'B = CBB f (Ch. 23, VIIL) = CAB 
(Ch. 16, VIIL) ; 

.'. CBB'=CAB; add to each CBA ; 
CBB'+ CBA = CAB+ CBA = A + B; but 

CBB'+ CBA = 1S0°; 
therefore A + B = 180°. 

2. Suppose a + b < 180° ; 
then ^ + j»< 180°. 

Then C cannot be the pole of the arc ABB; for if 
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G were the pole, a and b would each be 90° (Ch. Art 37, 
VIII.) ; that is, a + b would equal 180°, which is con- 
trary to the hypothesis. 

If a = b, CD being the shorter perpendicular from 
G upon BB\ a and b are both greater than CD (Art. 




132) ; therefore B and B' are each < 90° (Art. 108), 
if CB' and CB are a and b ; therefore their sum is less 
than 180°. 

Suppose now a and b unequal, and a < b. Pro- 
duce A C to meet the circumference of the base of the 
hemisphere at E. From C draw the arc GE 1 — CE. 
Then b+CE= 180° (Ch. Art. 32, VIIL). 

.-.(a + b)<(b+CE); a< CE\ 

also a < CE'. 

From C two arcs, each equal to 0, may be drawn to 
EDE, one above GD 9 between CD and CE, and the 
other below CD, between CD and CE (Art. 132), CD 
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being the shorter perpendicular* from C upon the cir- 
cumference of the base of the hemisphere. 




Suppose first that CB is taken as a. 

Now CB < CE, as just proved ; 

therefore the angle CEB < CBE (Ch. 26, VIIL). 

But CEB = CAB (Ch. 16, VIIL) ; 

therefore CAB < CBE; add CBA to each ; 

CAB + CBA are less than CBE+ CBA ; 

' "~ — ■ ■ ■ ■ M I ■ ■ ■ — I | ■ ■ —■■■■■■- .. ■ ■■■■■ . ■■ ■ ■ I I ■ ■ ■ t ^ 

* CD is assumed as the shorter perpendicular ; but if proof that it is 
the shorter perpendicular were required, take 0, on the circumference of 
the base, as the pole of PCD and draw the arc CO. CO is an arc of 
90° (Ch. Art. 8*7, VIII.). C has been proved not to be the pole of the 
base ; therefore the proposition of Art. 132 applies, and the shorter per- 
pendicular lies to the right of CO. But again, a + b by hypothesis is 
less than 180°, and a < 6, therefore a is < 90° and < CO, and must Ue 
to the right of CO. But the perpendicular is the least line from C to 
the circumference OE'BD, and is therefore less than a, or CB, and must 
lie to the right of a, or CB. 

If a is the perpendicular itself the proposition is still true, for it is 
then < 90° (Art. 108), and D = 90°. 
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but CBE+ CBA = 180° ; 
therefore CAB + CBA < 180°, or 

A + B< 180°. 
Next suppose GB f is taken as a. 
Since CD is the shorter perpendicular, 
CB'A <90°; also CAB' < 90° (Art. 134) ; 
therefore their sum CB'A + CAB < 180°. 




3. Let + b > 180° ; then also 
A + B > 180°. 

Now, if C were the pole of AB, a and J would each 
equal 90° (Oh. Art. 37, VIII.), and a + b would equal 
180°, which is contrary to the hypothesis; therefore C 
is not the pole of AB. 

If a = J, a would lie on one side of CD 1 and S on 
the other side (Art. 132). Now, if we take O and O' 
on the circumference of the base, each at the distance 
of a quadrant from C, since a and b (if a = J) are each 
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greater than 90°, a and h must each meet the circum- 
ference OD'C to the left of and O (Art. 132) ; there- 
fore in this case the angles A and B are each obtuse 
(Art. 134), and their sum is greater than 180°, since 
CD' is the longer perpendicular from C* 

If a and b are unequal, then one of them, as a, might 
be below CD\ and the other, as S, might occupy one 




of two positions (Art. 132), as GA or CA', one below 
CD' and the other above CD*. 

If a be below CD, and I above CD', then A'CB 
will be the triangle to be considered. CA'B and 
CBA! are each obtuse in this case (Art. 134), and there- 
fore CA'B + CBA' > 180°. 



* This may be proved by a method similar to that employed in the 
note for 2 ; or A and B may be proved obtuse directly, thus : 

CD> CB. -. B> D' (Ch. 26, VIII.); i. «., £>90°; in the same 
way the equal angle is > 90° ; . • . A + B > 180°. 
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If a and b are both below CZ^, then GAB is the 
triangle to be considered. 

Produce AG a,n& BG to meet the circumference of 
the base of the hemisphere again at ^Tand K. Then 
AGH and BGK are semicircumferences (Ch. Art. 32, 
VIII.), and each equals 180°. 




.-. « + GK= 180° and &+ GH= 180°, or 
a + J + #27+ <7JT= 360°, but a +& > 180°. 
.-. Gff+GK<180°; 
therefore by the 2d case 
(1) GR£+GKH<180° 9 
but OHK= GAK= U0°-CAB = 180°- -A ; 
also CKH= GBff (Ch. 16, VIII.) = 180°-^. 
Substituting these values in (1) 
360° - (A + B) < 180° ; 
therefore A + B > 180°. 

137. The converse of the preceding article is true, 
that is, the sum of two sides of a spherical triangle is 
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180°, if the bum of the opposite angles is 180° ; is less 
than 180°, if the sum of the opposite angles is less than 
180° ; is greater than 180°, if the sum of the opposite 
angles is greater than 180°. 

Let two angles of a spherical triangle be denoted 
by A and 2?, and the sides opposite them by a and b 
respectively. 

1. If A + B = 180°, a + b = 180°. 

Let A' and B' be the corresponding angles of the 
polar triangle, and a' and V the sides opposite these. 




,Then A = 180°-a\ B = 180°-&', 
A f = 18O°-0, B' = 180°- b (Ch. 18, VIII.) ; 
. • . substituting for A and B their equivalents in 1, 
360°-(a' + V) = 180° ; or a! + V = 180° ; 

consequently A' + B' = 180° (Art. 136). 
Substituting values for A' and B\ 
360°-(a + b) = 180°, or a + b = 180°. 
2. If J. + jB<180°, a + b <180°', 

for, passing to the polar triangle, 

360°-(a' + &')< 180°, or a! + V > 180°; 

consequently A' + B'> 180° (Art. 136) ; that is, 
360°-(a + b)> 180°, or a + b < 180°. 
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3. If ^L + jB > 180°, a + J>180°; 
for, passing to the polar triangle, 

860°— («'.+ V) > 180°, or a' + £' < 180* ; 
consequently A' + B f < 180° (Art. 136) ; that is, 

36O°-(0 + b) < 180°, or a + b > 180°. 

138. The sines of the sides of a spherical tricmgle 
are proportional to the ernes of the opposite angles. 





Thus let ABC be any spherical triangle, of which 
the angles are A, B, and C, and the sides opposite 
them are 0, J, and e, respectively. Then 

sin. a __ sin. A 

sin. b sin. B 

From C let the arc CD be drawn perpendicular 
to the side c 9 or (in the right-hand figure) to o pro- 
duced, meeting it in the point D. Then ABC is equal 
to the sum or to the difference of two right-angled tri- 
angles. 

In the triangle A CD, taking CD as a middle part 
and 90°— J, 90°— -CAD as opposite parts, 

sin. CD = sin. b sin. CAD (Art. 115) 
= sin. b sin. A (Art, 46). 

In the triangle BCD, also taking CD as a middle 
part and 90°— a, 90°— B as opposite parts, 
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sin. CD = sin. a sin. B ; 

. • . sin. a sin. B = sin. ft sin. A, or 

, v sin. a _ sin. .4 

sin. ft sin. 2? 





In a similar manner it can be proved 

/TX sin. a sin. A 

( 6 ) - = - — 7y 

sin. c sin. V 

From (a) by alternation, we have 

sin. .4 sin. B 



em. a 



sin. ft 



From (ft) by alternation 
sin. A sin. (7 



(*) 



; therefore 
sin. a sin. <? 

sin. A sin. i? sin. C 



&ux.a 



sin. ft 



em. e 



If the perpendicular coincided with the side a, -5 would be a right 
angle, and we should have from (a) 

sin. a = sin. 6 sin. A (Art 35) 
an equation already established (Art. 109). 



139. Suppose a to be > ft, then A is > B (Ch. 26, 
VIII.). 
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sin. a sin. A 



(Art. 138) ; 



sin. b sin. B 

sin. a + sin. b sin. A + sin. B /nn _ K _^ Hfx T tt \ 

l — — r = - — -T- 1 —. = (Ch. Art. 10, III.) ; 

bid. a— sin. o sin. A— sin. B 

tan. i (a- J) tan. J (-4.— -B) vv ' J 

140. If an arc of a great circle be drawn from one 
of the angles of a spherical triangle perpendicular to 
the opposite side, or to the opposite side produced, 
then 

(1) The bines of the segments of the side, on which 
the perpendicular falls, will be jzrqportional to the nu- 
merical COTANGENTS of the ADJACENT ANGLES. 





Thus, in the triangle ABC, if the perpendicular 
CD is drawn from C to c, or c produced, 

sin. AD __ cot. A 

sin. BD cot. B 
For in the triangle A CD, taking AD as a middle 
part and 90°— CAD, CD, as adjacent parts, 

(a) sin. AD = cot. CAD tan. CD (Art. 115) ; 

and in triangle BCD, taking BD as a middle part and 
CD, 90°— B, as adjacent parts, 

(b) sin. j&Z> = cot. B tan. CZ>; 
dividing equation (a) by equation (J), 
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, x sin. AD cot. CAD cot. A /A , Atk . 

(c) -— = = (Art. 46), 

; sin. BD cot. B cot.B x n 

cot. A being the numerical value of cot. A. 

If the sign as well as the numerical value of cot. A 
be taken into account, equatiQn (c) for the left-hand 





figure, or in the case in which the perpendicular falls 
within the triangle, would be unaltered ; but for the 
right-hand figure, or in the case in which the perpen- 
dicular falls without, (o) would become 

,-. sin. AD __ —cot. A 

* ' sin. BD ~~ cot. B ' 

(2) The cosines of the segments of the side will be 
proportional to the cosines of the sides adjacent to 
them. 

In triangle A CD, taking 90°— ft as a middle part, 
and CD, AD as opposite parts, 

cos. AD cos. CD = cos. ft (Art. 115) ; 
and in triangle BCD, taking 90°— a as a middle part, 
and BD, CD as opposite parts, 

cos. BD cos. CD = cos. a ; 
dividing the first of these equations by the second, 

cos. AD cos. ft 



(e) 



cos. BD cos. a 
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141. Let ABC be a spherical triangle, and from 
C let an arc of a great circle, CD 9 be drawn perpen- 
dicular to the opposite side. 

Let the side a be > J, then 
is^4>J?(Ch. 26,VIIL). De- 
note the segments BD and 
AD J>y x and y, respectively. 

1. Let the perpendicular 
fall within the triangle. 

Then, tan. i(x— y) = s . m * ; j ~~ 1 tan. £ c. 

sm. (A+B) 

For *^J< = 22^4 ((i) Art. 140) 
sin. x cot. B 

= ^f (C/) Art 64); 
tan. .A 

sin.s + sin.y = tan. ,1 + tan, i? Cfa ^ w m } 

sin. a>— sin. y tan. .A— tan. J? 

sin. A , sin. B 

cos. J. cos. B , A 

= . A — 5 ((&) Art. 64) ; 
sm. A sm. B ' 

cos. ^i* cos. B 

therefore taD ' »<* + ?> = 8 M^+i?) ((a) Art. 71, 
tan. \ (x-y) sin. (A-j&) V 

(a) Art. 67, (a) Art. 68) ; or 

tan. | (x—y) = B . in * ; ~~ ' ■ tan. J * since x + y = c. 

sin. (.4+jtj) 

* If a is >b and a and 6 are each >90°, A and B are also >90° 
(Art. 136). Then y is >x (Art 132), and the equation above will be 

% sin. (B-A) 
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The last equation may be written 

/ \i i / \ sin. 4 ( A— B) cos. 4 (J.— B) , . 
(a) tan. 4 (a?— y) = ^ -^ ^ '- tan. 4 <? 

w * v y; sin.i(^l+^)cos.i(^+^) * 

((a) Art. 73). ' 

2. Let the perpendicular fall 
without the triangle. 

BD and AD, denoted by x and 
y } are external segments. 

Then tan. * (as + y) = T' , , ~ 2 tan. $ c. 

sin. (.£ -|- Jf) 

For ^ = Z^^ m Art. 140) 
sm. a? cot. B 

sin.s + BJn.y = Un.OAJ> + UD.B (Ch ^ m } 
sm. a?— sm. y tan. CAD— tan. z? - 

sin. CAT? , sin. jff 

cos. CAD cos. jff 

cos. CAD cos. i? 



But B is <.4 (Ch. 26, VIII.), therefore B—A is a negative quantity, 
and sin. (£-.4)= -sin. (A^B) (Art. 95). 

Also tan. } (y— x) = — tan. J (x— y) (Art. 95). 

Substituting these values our new equation becomes like the equa- 
tion above — 

x sin. (A-B) 

tan. 1 (*-y) = . , A , P x tan. i c. 
sm. (.4+2?) 
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therefore tMK * <»+») = 8ilL <^+f>(( g )Art.71), 
tan. | (a>-y) sin. (CAD-J3) KK ' ' 

(a) Art. 67, (a) Art. 68). 

Now, CAD = 180°— -4, and substituting the value 
of CAD in the right-hand member of the last equation, 

tan. $ (x+y) _ sin. {180°— (A—B)\ 
tan. | (o>— y) ~ sin. {1W—{A+B)\ 



_ sin, (^--g) 
sin. (.4 +.8) 



, or since z—y=e, 



tan.i( a , + y ) = 2|j_ f g t a n.ic. 

The last equation may be written 

tfUan 4fa4-tA - *in.i (A-B) cob. $ (A-B) 

(6) tan. Ka+y) - 8in> (j4-jB) cog ^ ( ^ +jB) tan. J * 

((«) Art. 73). + 

142. From the angle, 6', of a spherical triangle, let 
an arc of a great circle, CD) be drawn perpendicular to 
the opposite side or opposite side produced. 





Suppose a > b> then is A > B (Oh. 26, VIII.). 
Denote the segments of the base by x and y, re- 
spectively. 



166 THB ELEMENTS OF SPHERICAL TRIGONOMETRY. 



Then tan. £ (a + ft) tan. £ (a— ft) 
= tan. b (x+y) tan. £ (a?— y). 



COS.5 = COBJ, (( ^ 140)> 



cos. a cos. x 





cos. ft — cos. a cos. y — cos. x tn n A , . A TTTN 
= * (Ch. Art. 10, III.), or 

cos. 6 + cos. a cos. y + cos. x 

tan. £ (a + ft) tan. J (a— ft) = tan. $(x + y) tan. J (a?— y) 
((ft) Art. 71, (/) Art. 64). 

In the left-hand figure x + y = <? ; 

in the right-hand figure a?— y = o ; therefore 

(a) when the perpendicular falls within the triangle 
tan. % (a + ft) tan. £ (a— ft) = tan. £ <? tan. £ (x—y) ; * 

(ft) when the perpendicular falls without the triangle, 
tan. £ (a + ft) tan. £ (a— ft) = tan. i (» + y) tan. £ e. 



* When a is >6 and a and & are each >90°, y is >x (Art. 132), and 
equation (a) above would become 

tan. %(a+b) tan. £ (6— a) = tan. £ c tan. | (y— x). 
But -| (ft— a) is a negative quantity, 

tan. | (6— a) = — tan. £ (a— 6) (Art. 95) ; 
also tan. \ (y—z) = — tan. \ (x—y). 
Substituting these values our new equation becomes like the equa- 
tion above — 

tan. £ (a+6) tan. £ (a— b) = tan. £ c tan. £ (x—y). 
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143. Id a spherical triangle, the tangent of half 
the sum of two sides equals the ratio of the cosine of 

HALF the DIFFERENCE to the COSINE of HALF the SUM of 

the opposite angles, multiplied by the tangent of half 





the third side ; and the tangent of half the differ- 
ence of two sides equals the ratio of the sine of half 

the DIFFERENCE to the SINE of HALF the SUM of the OP- 
POSITE angles, multiplied by the tangent of half the 

THIRD SIDE. 

Thus, 0, ft, and c denoting the sides of a spherical 
triangle, and A 9 B, and C denoting the angles respect- 
ively opposite these, a also being greater than 5, 

(a) tan. $(a + b) = C0S * * ( f ""^ tan. £ c. 
w * v ^ ' cos.|(^ + j&) 7 

(b) tan. i (a-ft) = sin - I ^-^ tan. * * 
W 7V ' sin.i(^l+^) * 

1. When a perpendicular, drawn to the third side 
from the opposite angle, falls urithm the triangle, i. e., 
when A and B are both acute or both obtuse (Art. 
135). 

Denote the segments BD and AD by x and y, re- 
spectively. 
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( tan.4(a+5) = tan, 4 (A+B) 

w tan. 4 (a-5) tan. A (-4 --5) v ' 

/ox tan l(x If w rin -i(^-- g ) cog '*(- A --^) taii 4c 

(2) tan.4(a 0-^^+^^^+^ *«•*<> 

((a) Art. 141). 

(3) tan 1 j( a +S)tan.H«-ft) = tan. 4 ((a) Art. 142). 

tan. £ (®— y) 

Multiply equations (1), (2) and (3) together, mem- 
ber by member, cancel like terms in numerator and 





denominator of the resulting fractions, and extract the 
square root of each member of the final equation, and 

(4) tan. 4(«+ J) = °° S '*^~^ tan. 1 c. 

COS. £ (^.+x?) 

Now equation (1) may be written 

tan. ^ (a— &) __ tan. \ (A—£) 
. tan. J (a+J) "~~ tan. £ (^4+^)" 
Multiply the equation in this form by equation (4) and 

(5) tan. | (a-J) = shh * (^--g) tan. J <?. 
' ¥ v ' sin. | (-4+^B) 

2. When the perpendicular falls without the trian- 
gle, i. e., when A is obtuse and B acute. 
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The proof is the same except that in equations (2) 
and (3) we have tan. £ (»+y) in place of tan. £ (x—y) 
((ft) Art. 141, and (ft) Art. 142). 

144. In a spherical triangle, the tangent of half 
the sum of two angles equals the ratio of the cosine 

Of HALF the DIFFERENCE to the COSINE of HALF the SUM 

of the opposite sides, multiplied by the cotangent of 
half the third angle ; and the tangent of half the 

DIFFERENCE of TWO ANGLES equdU the RATIO of the SINE 
Of HALF the DIFFERENCE to the SINE of HALF the SUM of 

the opposite sides, multiplied by the cotangent of half 

the THIRD ANGLE. 

Thus, in the triangle ABC, a being >ft, 




(a) toa.HA+B) = «*• * <»-*> cot. * (7. 

COS. £ (#+&) 

(J>) tKa.±{A-B) = ^4^TrJ cot - * a 

sin. £ (a+ft) 

Let A'B'C? be the polar triangle of ABC. 
Since by hypothesis a is > ft, 
180°-ais <180°-ft; but^L'=18O°-0, and 
.B'=180°-ft (Oh. 18, Vm.); 
8 
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therefore A f is < B f ; consequently a 1 is < ft' (Ch. 26, 
VIH.). 

(Art 143) ; 

but a'=180 o -u4 ; &'=180°-^; c'=180°-<7; 
^'=180°-a; £'=180°-b. 




Substituting these values in (1) 
tan. U80°-* (A+B)\ 



_ cos. ^ (a—h) 
~ cos. U80°-£ (a+b)\ 



tan. {90°-i- C), or 



tan. * (A+^) = c 08 - * («-*) cot. A C (Art 46, and 

cos. I (a+o) 
Art. 5). 

Again, tan. * (&'-«0 = 2*g~^ *">• * o 
(Art. 143). 

Substituting for «', &', c', etc., their values 

tan. U^-B) = 8in - * ^ a ~g cot. A (7. 

yv ' sin. H«+&) 
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Equations (a) and (6) of this article, and equations (a) and (b) of the 
preceding article, written in the form of proportions, are called Napier's 
Analogies. 

145. To find an expression for the oosinb of an an- 
gle in terms of ike bides of a spherical triangle. 




Let ABC represent a triangle on the surface, cor- 
responding to the triedral angle, 0, at the centre of 
the sphere. 

From E 9 any point in the edge of the diedral angle 
OA 9 let DE be drawn in the plane OA C> perpen- 
dicular to OA y and let EF be drawn in the plane 
OAB, also perpendicular to OA. Let ED meet OC 
in Z>, and let EF meet OB at F. Join D and F by 
the straight line DF DF lies in the plane OBC 
(Euc. Def. 7, 1. Ch. Def. 6, Int.). 

DEF, the measure of the diedral angle whose edge 
is OA (Ch. Art. 39, and Art. 45, VI.), is also the meas- 
ure of the angle A of the spherical triangle (Ch. 16, 
VIII.), and may be taken to represent that angle. 

a, b 9 Cy the sides of the spherical triangle, are the 
measures of the angles BO 9 COA y AOBy respectively 
(Art. 102). 
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From triangle DEF 

m „ a nir DE>+EF»-DF* 
(1) cos. A = cos. I/EF= ' _ __ 

2DEEF 
((3) Art. 61). 

Since DEO and EOF are triangles right-angled at 




E, DE>=DO*-OE; and EF*=OF*-OE a ; sub- 
stituting in (1) these values of BE* and EF*, 

DO*+OF*—I)F*-20E* 

COS. A. = - -. 

2DEEF 

Divide numerator and denominator of the fraction 
by 20D.OF, and 

DO'+OF'—DF* OE OE 

2QD.OF OP* OF 

"*• A DE EF ' 

OD X OF 

k DO*+OF*-DF* r. ni? n 

Now, ' ^ ■ „ = cos. £>OF= cos. a 

' 20D.OF 

((3) Art. 61) ; 

-— i = cos. DOE= cos. b ; -— : = cos. EOF= cos. ex 
OD '01 
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DE . , A EF . 
— = sin. ft; and — = sin. c; 

therefore 
(a) cos. A = 



cos. a — cos. ft cos. c 



sin. ft sin. <? 
In a similar manner it may be proved 

/z\ t> cos* f> — cos - cos- & 
(ft) cos. jS = : : ; 

8m. c sm. a 
, x ~ cos. c — cos. a cos. ft 

((?) COS. 67= ; ; r . 

sm. a sm. ft 
146. To find <m compression for the tangent of one 




half cm angle, in terms of the sides of a spherical 
triangle. 

A, By and C denoting the angles of the triangle, 
and a, ft, c denoting the sides opposite these, s being 

a + b + c 



(a) tan. * A = ./ ' ™; («-&)""• («-*). 

y sm. * sm. (* — a) 

(J) tan. * B = ./i^Zppp. 

y sm. * sm. (*— ft) 
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(c) tan. i C=,/ / ^53^P3. 

y sin. 8 sui. (s— c) 

For 

/ j\ a c°B- 0— cos. ft COS. c , A . ^ . „ x 

(a) cos. A = : — — -, (Art. 145). 

sin. o sin. c 




Subtract each member of the equation from 1. 

., A sin. ft sin. c + cos. ft cos. o — cos. a 
1 — cos. J. = ■ — 

sin. ft sm. o 

= cos. (S-o) - cob, a ^ Art 6g) 
sin. ft sin. <? 

2 8 in.^i±Z£) B i n .(±t£zi) 
2 2 

sin. & sin. c 
((d) Art. 70). 

Now,let,(l),^±£ = , ; then,(2),*±^= *-a; 

substituting in the last equation the values of 
a-\-c— ft , a + ft— e 
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(«) l-cos. A = » ■M^) *»• (--«). 

sin. sin. 

Add 1 to both members of equation (d), then 

., . A cos. a— cos. b cos. c + sin. J sin. 

1 + cos. J. = : : — — — ' 

sin. sm. 

_ cos. a— (cos. b cos. c— sin. J sin. e) m 

sin. 5 sin. ' 

1 1 a cos. a — cos. (S+c) //1A i, m 

or 1+cos. J. = : — T . v - 1 — ' ((6) Art. 67) 

sm. sm. e 

2rin>+* +C Wi±gZf!) 

= lh« n „ (tf) Art. 70) ; 

sm. 6 sm. 

substituting values of and , 



(/*) 1+cos. A = 



2 2 

2 sin. * sin. (s—a) 



sin. 5 sin. e 

Divide equation (e) by equation (/) and extract the 
square root of both members. 

/ 1 — cos. J. __ / sin, (*— fl) sin, (*— g) . 
V 1+cos. A V sin. 8 sin. (*— a) 

or, since tan. \ A=. A / — — - — ((c) Art. 75), 

V 1+cos. A 

a. 



tan. i ^ = /«M'-*) «M«-«). 
V • sin. * sin. (*— a) 

In a similar manner it can be proved 

tan.ji? = ygJM*- g > 8in - ( *- a) ; 
r sin. « sin. (*— J) 
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tan. i C= / sin. («-«) Bin. ( 8 -b) 
V sin.* sin. («— c) 

147. To find an expression for the cosine of a side 
in terms of the angles of a spherical triangle. 

Let ABC be a spherical triangle, A, B y C being the 




angles, a, J, c being the sides opposite these. Let A'B' C 
be the polar triangle of ABC, A', B\ C being its angles 
and a\ b\ c' being the sides opposite these. 

(1) cos. A'= cob- « -cos. V cob. <t ((o) Ajt u ^ 

sin. V sin. c r 

J/=180°-a; a'=m>°--A\ J'=180° -B; 
c'=180°-C(Ch. Arts. 69 and 70,YIIL); 

substituting these values in (1) 

—cos. A —cos. B cos. G , A , Aa> . 

— (Art. 46), or 



cos. a = 



(a) cos. a = 



sin. B sin. G 
cos. J[+cos. B cos. (7 



sin. i? sin. G. 
In the same manner it may be proved 

(5) cos. I = cos. i?+COB. C COS. ^ 

sin. 6 T Bin.^l 
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cob. G+ cos. A cos. 2? 



(e) cos. o = 



sin. A sin. B 



148. To find cm oppression for the tangent of one 

HALF a SIDE, IN TERMS <jf THE ANGLES of Spherical 

tricmgle. 

Let A y B, G denote the angles of the spherical trian- 
gle; let a 9 b,o denote the sides opposite these respect- 
ively, and let 8 denote — — — ^- ; then 



(a) tan. *a = / -<*>*- S<x*.(S- A) 
w V (cos. S- B) cos. (8- G) 

(b) bm.ib = 4 / / ^ 6 ' ScoB '^-^ . 
' V cos. (8- C) cos. (tf-^1) 



/" 



—COS. S COB. (#— (7) 



(o) tan. £ o = ./ -«*-»™Ho-W . 

V cos. {8- A) cos. (S-.B) 

//TV -p * nno „ cos. .4+cos. i? cos. C 
(a) a or cos. a = ! . 

sin. i? sin. C 
Subtract each member of this equation from 1. 

l-co 8 . a = -l™*+«»-Uf+0)\ {{b) ^ 67) 

sin. B sm. (7 

= . * . n ((«) Art. 70). 

sm. B sm. C. 

Now, let,(l),tf =^±|±^; (2), ^+^ = 8- A ; 
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Substituting values, from (1) and (2), in the last 

equation 

, N ^ —2 cos. S cos. (&—A) 
(e) 1 —cos. a = ^-p- . 

sin. B sin. C 
Again, adding 1 to both members of equation (d) 




^ , co&.A+co&.(B—C\ /VK A , tfON 

1+cos. a = . p . ^ ; ( J ) Art - 68 ) 

sm. B sin. 6 T 

A+B-C A+C-B 
2 cos. — • cos. — 



2 



2 



sin. J? sin. (7 • 

, ^v - , 2 cos. (5-5) cos. (5- C) 
(/) 1+cos. a = \ — \ v - 7 

sm. 5 sm. G 
(see (3) and (4)). 

Divide (e) by (/) and extract the square root. 

—cos. S cos. (S—A) 
cos. (5-5) cos. (5- #)' 



or. 



/ l— cos, fl __ /' 
V 1+cos. a ~V 



A 



or. 



r 



tan. ia = ./ "^ 8 ™± ( 8 ~ A> > ((c) Art. 75). 
1 V cos. (5-5) cos. (5- tf) VW ' 

In a similar manner it can be proved 
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/" 



*»=y 



tan. & b = 



tan. 



—cos. 8 cos. (S—B) 
cos. (£- (7) cos. (S-A) 

x — / ~~ COBm ^ C08 ' (^~~ ^) 
V cos. (S-^i) cos. (£-.8) 



149. In order that we may find real values for 
tan. i a, tan. £ fl, and tan. £ c, the quantity under the 
radical must be positive. This quantity will be posi- 




tive if cos. 8 is negative (that is, if —cos. 8 is positive), 
and cos. (8— A), cos. (S—B), cos. (S—C) are all posi- 
tive. 

Now, 2S is >180° and <540° (Ch.29, VIII.) ; 

therefore 8 is >90° and < 270° ; 

consequently cos. S is negative (Art. 88). 

Again, cos. (S— A), cos. (S—B), cos. (8— C) are all 
positive. 

For, let A'B'C be the polar triangle of ABC. 

Then a'=180 o -^l; &'=180°-.ff; c'=180°-tf 
(Ch. Arts. 69 and 70, VHI.). 

But a' <(i'+<0 (Ch. 25, VIII.), or, 

(180°-^1)< {S60°-(B+C)\. 
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. B+C-A 180! q QO 
2 2 

But ■ B +°- A = 8- A ((2) Art. 148) ; 

therefore 8- A < 90°. 
In the same way it can be proved. that 
S-B < 90° and S-C < 90° ; 
therefore cob. (S—A\ cos. (jS—H), cos. (S— (J) are 
all positive (Art. 88). 

150. l-co8.^= 2Bin -^ B ? D -( < - c ) ((.)Art.l46); 

sin. b sin. o J 

or dividing each member of this equation by 2 and ex- 
tracting the square root, 

/ / 

/ l— cos. A __ /sin. («— b) sin. (s—c) 

V 2 V sin. b sinTc 

But sin. i A = J — — : — (Art. 59) ; therefore 



(a) sin. iA = J «fa-('-*)«M'-<» 

V sin. b sin. 

In a similar manner it may be proved 

(b) sin. i B = ./ &{R - (*-*) "k- 5E5. 

r sin. sin. a 

(«) sin. i C = /ri g.(*-«)»in. 5=9. 

r sin. a sin. & 

Also, 1+cos. A = 2sin ;\ siD ; (< - a > (00 Art. 146). 

sin. b sm. o ■ 
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Divide each member of this equation by 2 and ex- 
tract the square root. 



/ l+cos. A __ /sin. 8 sin. («— a) 
V 2 "V sin.Jsin.o 



/ 

But cos. i A = J 1+COfl -^ (Art. 60) ; therefore 

(<*) cos. i A = /jft^LP"- («-«) 

V sin, J sin. c 

In a similar manner it can be proved 

z v , r> /sin. * sin. (*— b) 
(e) cos. \B- J — ; ^ K 

y sin. c sin. a 

w) cos. *<7= y a^M^ . 

r sin. a sin. 6 

1*1 1 — 2cos.#cos.(#— J.)„ v A , ., , ON 

151. 1 —cos. a = ; — — . v ^ — ' ((«) Art. 148). 

sin. i? sm. C/ 

/l— cos. a __ /—cos. ff cos. (#— JJ 
V 2 V am.Bsin.C 



(a) sin.** = J -cos.S^A) 

V sm. i? sm. G 

In a similar manner it can be proved 

m . . , /—cos. # cos. (S—JB) 

(b) sm.£&= V ——±——J. 

y sm. C7 sm. -4 

r v . - __ /—cos. 4? cos. (#— 0) 

W Sln# a c — a/ : a — • — 5 — • 

y sm. A sm. B 
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Again, 



sin. B sin. C 
((f) Art. 148). 

/ l+coB. a _ / cob. (S-B) cob. (S- C) 
V 2 V sin. B sin. tf 

(^COB-i^ ^^ 008 -^-^ . 

V sin. i? am. c7 

In a similar manner it can be proved 

r. 



(e) cos. i b = /^(S-Cf)ooB.(8-A) . 

V sin. (7 sin. A 

if) COB. * = /COB- ffl-^) COS. (g^ 

t sin. J. sin. B 

152. Gauss's Equations. 
In a spherical triangle 
, v sin. i (A+B) __ cos. i (a—b) # 
cos. i G cos. £ c 

,,v cos. £ (J.-hZ?) __ cos, j (a+i) . 

W : — t~7y — — i » 

sin. £ 6 T cos. £ c 

, v sin. i {A—B) __ sin. £ (a— J) 
cos. i U sin. £ c 

(d\ °°s.£(J.— ffi __ sin, j (fl+ft) 
sin. £ G sin. £ <?. 

-,-, sin. A sin. a ,, N . . ., OON 

For -t— -h = t— » (( a ) Art - 138 )> 
sin. xr sin. o 

nn.A+*m.B = sin.q+sin.5 ^ m 
sin. J. sin. a 
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2 sin. £ (A+B) cos, j (A-B) 

Bill. A 

= 2Bin.*(a+&)co8.i(q-6) ((fl) Art 73)# 

sin. a 

By alternation, 

sin, j (A+B) cos, j (A—B) __ sin. -4. __ sin. (7 
sin. £ (a+b) cos. £ (0— J) sin. a sin. c 

. ((c) Art. 138) = «M_^2?ii^L 

sin.^0 cos. ie 

((a) Art. 73) ; therefore, again by alternation, 

^v sin, j (A+B) cos, j (A —B) 
sin. i G cos. i C 

__ sin, j (a+b) cos. £ (a—b) 
sin. £0 cos. £c 

COB, j (4+J) = tMLJg (( . ^ U3) 

w cob. i (A-B) tan. i (o+J) vv ' ; 

tan, j (A+B) cos, j (q-ft) (( ^ } 
w cot. i C cob. i (a+5) ' 

Multiply together equations (1), (2), and (3), member 
by member, cancel like terms in numerator and denomi- 
nator, and extract the square root of the result, and 

Bin, j (A+B) = cos- 1 (a-b) ( ion (a)) 
cos. i C cos. i o 

Divide equation (1) by equation (4), and 

( cob, j (A-B) = sin, i (*+&) ( tion {d)) , 
sin. i C sin. i o 

Multiply equation (2) by equation (5). 
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,#. cos. i (A+JB) cob. i (a+b) , , . /JA . 

(6) 6 in.iC ' = cos. * c (eqUab ° n m 

Again, ***£=*> = fl ^±fc*> i{b) Art. 144). 
cot. i O Bin. i (a+b) 

Multiply this last equation by equation (5), and 

,-y. sin. i (A—B) sin. i {a— b) , , . , xx 

(7) \ „ ' = ^T — ' (equation (<?)). 

cos. £ 6 Bin. £ c 



CHAPTER XV. 

SOLUTION OF OBLIQUE-ANGLED TRIANGLES. 

Art. 153. Of the six parts of a spherical triangle 
(the three sides and the three angles), it is necessary to 
know three in order to salve the triangle. 

To solve a right-angled triangle three parts were given, viz., the right 
angle and two other parts. (Arts. 116 and 119.) 

To solve a guadrantal triangle three parts were given, viz., the quad- 
rant and two other parts. (Arts. 129 and 131.) 

154. There are six cases of the solution of oblique- 
angled spherical triangles, which may be classified 
nnder te heads, as the known parts ai, in 

(1) Case I. — The three sides ; 

(2) Case II. — The three angles ; 

(3) Two sides and an angle, under which head are 
Case III. — Two sides and an indttded angle, and 
Case IV. — Two sides and an angle opposite one of 

these sides ; 

(4) Two angles and a side, under which head are 
Case Y. — Two angles and an included side, and 
Case VI. — Two angles and a side opposite one of 

these angles. 

155. Case I. — The three sides of an oblique-angled 
spherical triangle being Jcnown, to solve the triangle. 

Use formulas (a), (b) 9 and (c), Art. 146. 
For check on the work use (c) Art. 138. 
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Example. Suppose ABC to be a spherical triangle, of which a=50°, 

6=40°, c=W. 

a = 50° 

b = 40° 

c = 76° 




2 2 

«-a = 83° 
•-& = 48° 

«-<? = r 



o 



r sin. « sin. (*— a) 



-•, 



sin. 48° sin. 7° 
sin. 83° sin. 83 ( 



Tun j P - a /** ( "'> Bin - ('-«> 
r sin. « sin. (« — 6) 



Log. sin. 48° = 9.838783 _ / sin. 7° sin. SJF" 

Log. sin. 7° = 9.085894 " r sin. 83° sin. 43° 

Ar. co. log. sin. 83° = 0.003249 Log. sin. 7° = 9.085894 

At. co. log, sin. 33° = 0.263891 Log, g^ 330 = 9.736 109 

2 I 19.186817 At. co. log. sin. 83° = 0.003249 

Log. tan. 21° 24' 38.47'= 9.5934085 Ar. co. log, sin. 43° = 0.166217 
. • . A ss 42° 49' 16.94*. 2 | 18.991469 

Log. tan. 17° 23' 14.18'= 9.4957345 
.-. B = 84° 46' 28.36*. 



Tan. i ff-i /^M^M) 
r sin. * sin. («— c) 



v 



sin. 33° sin, 43 ( 



sin. 83° sin. 7° 

Log. sin. 33° = 9.736109 

Log. sin. 43° = 9.833783 

Ar. co. log. sin. 83° = 0.003249 

Ar. co. log, sin. 7° = 0.914106 

2 I 20.487247 

Log. tan. 60° 17' 18.23' = 10.2436235 
.-. C = 120° 84' 36.46*. 
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,~ fx sin. -4 sin. 2? tin. C 

(Cheek.) — = -— - = — m 

sin. a sin. 6 sin. e 

Log. sin. 42° 49' 16.94* = 9.882827 Log. sin. 84° 46' 28.36* = 9.756140 

Log. sin. 50° = 9.884254 Log. sin. 40° = 9.808067 

1.948073 1.948073 

Log. Bin. 120° 34' 86.46' = 9.934977 
Log. sin. 76° =9.986904 

1.948073 

Find the angles of a triangle when the sides are : 

Example 1. 75°, 100°, 65°. An*. 68° 8' 54.4', 108° 51' 46.2', 

60° 88' 38.3". 
2. 57°, 83°, 114°. An*. 49° 3' 20', 63° 22' 18.8', 124° 88' 8.6*. 

8. 70°, 140°, 80°. An*. 41° 22' 18.7', 153° 7' 14.7', 48° 50' 82.1*. 
4. 120°, 80°, 60°. 
6. 100°, 69°, 51°. 

156. Case II. — The three angles of an oblique-an- 
gled spherical triangle being known, to solve the triangle. 
Use formulas (a), (J), and (e) of Art. 148. 
For check on work use (c) Art. 138. 

Examplx. Suppose the angles A> 2?, and C of a spherical triangle to 
be 130°, 60°, and 74° respectively, required the sides. 



o 



Tan.^j/E"*-* 609 -^-^) 

V COB. (8—B) 008.(5— C) 

■V- 



A = 180 

B = 60° / ~~ C0B * * 32 ° C08 ' 2 



q _. feo V cos. 72° cos. 58 

i. g , r -7^ !"g- (- <*> 8 - 18 2°) = »825511 

8 = ^ +/ * + ° = J5L = 182° Log. cos. 2° = 9.999785 



2 2 
S-A=z 2° 
8-£= 72° 



Ar. co. log. cos. 72° = 0.510018 
Ar. co. log. cos. 58° = 0.275790 



8 — 0= 58° 2 | 20.611054 

Log. tan. 68° 40' 17.65'= 10.805527 
.-. a = 127° 20' 85.1". 
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TnTi,ifr-t/~ COg - S ** ^"^ Tin |f - A / -«»-^(M 
r COS.(S-C)COS.(£-^) ** T eos.(£-<4)co8. (£--£) 

/— cos. 132°~cos772 



cos. 68° cos. 2° 

Log.(- cos. 132°) = 9.825511 

Log. cos. 72° = 9.489982 

Ar. co. log. cos. 58° = 0.275790 

At. co. log. cos. 2° = 0.000265 

2 | 19.591548 



v 



— cos. 132° cos. 58° 
cos. 2° cos. 72° 
Log. (-cos. 132°)= 9.825511 
Log. cos. 58° = 9.724210 
Ar. co. log. cos. 2° = 0.000265 
At co. log. cos. 72° = 0.510018 



2 | 20.060004 

Log. tan. 31° 59' 56.81'= 9.795774 Log. tan. 46° 58' 89.05'= 10.030002 
. • . b = 68° 59' 53.62'. . • . e = 93° 57' 18.1'. 



(Check,) 



sin. A sin. B sin. C 



sin. a sin. 6 sin. c 

Log. sin. 130° = 9.884254 Log. sin. 60° = 9.937581 

Log. sin. 127° 20' 35.1' = 9.900377 Log. sin. 63° 59' 53.6' = 9.958654 

1.983877 1.983877 

Log. sin. 74° = 9.982842 
Log. sin. 93° 57' 18.1' = 9.998965 

1.988877 

Find the sides of a triangle when the angles are : 

Example 1. 64°, 75°, 117°. An». 68° 6' 86.4', 85° 48' 1.4', 

113° 5' 88.7'. 

2. 136°, 72°, 102°. An*. 147° 23' 9.2', 47° 83' 14.4', 130° 37' 46.8'. 

3. 125°, 75°, 100°. 

4. 14$° 3', 119° 12', 110° 85*. Ans. 140° 10' 43J', 111° 34' 17.4'. 

85° 48' 47.9*. 

5. 129° 5' 20', 105° 8', 142° 12' 40'. 

157. Case III. — Two sides and am included cmgle 
of a spherical triangle being hnovm, to sol/oe the triangle. 

To find the angles : first, find the half sum and the 
half difference of the angles, opposite the given sides, 
by Art. 144 ; then add these quantities for the greater 
angle, and subtract the half difference from the half 
sum for the less angle. 
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To find the third side use (a) or (J) of Art. 143, or 
use Art. 138. 

If the third side is found by Art. 143, for check on 
work use (c) Art. 138, otherwise use a formula of Art. 
14^. 

Remark. — When £ (a— b\ and consequently \ (A—B), is a very small 
quantity, £ c is better found by (a) of Art 148 than by (b) of same article, 
since the cosines of small angles differ from one another less than the 
sines (as will be seen from an inspection of the tables), and the effect of a 
small error in A or B would be greater if sin. \(A—B) were used rather ' 
than cos. \ (A—B). 

On the other hand, if \ (a+fi), and consequently \ (A+B) t is near 
90°, to find £ e (b) Art 148 should be preferred, since near 90° the sines 
differ less than the cosines. 

Example. Suppose ABO to be a spherical triangle, of which the side 
a=76°, 6=55° 10', and the angle (7=125°. 
a= 76° 
6= 65° 10' 



- , „ v i8i° i<y , 

i (a+b) = = 65° 85' ; 

2 

20° 60' 
t (a-6) = = 10° 25' ; 

2 
i C = 62° 80'. 




tan. i (A+B) = 12 - cot i C\ 

cos. i(a+6) 

cos. 10° 25' 
= cot 62° 80' ; 

cos. 65° 85' 
Log. cos. 10° 25' =9.992788 
Log. cot 62° 30'=9.716477 
At. co. log. cos. 65° 85' =0.383662 

Log. tan. 51° 4' 59.77"= 10.092922 

, * «. sin. i (a— h) m „ 
tan. \ (A-B) = _ ' cot * C\ 

sin. i(a+b) 

sin. 10° 25' , 

= cot 62° 80' ; 

sin. 65° 85' 
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Log. sin. 10° 25' = 9.257211 

Log. cot. 62° 80' = 9.716477 

Ar. co. log. sin. 65° 85' = 0.040690 

Log. tan. 5° 54' 5.84' = 9.014878 

HA+B) = 61° 4' 59.77' 
l(A-B)=: 6° 64' 5.84' 

.4 = 66° 69' 6.11' 

B = 46° 10' 64.43' 

cos. \{A + B) , , v 

tan. i e = tan. $ (a+b); 

cob. \(A-B) 

coa. 61° 4' 69.77* , 
= tan. 65° 36'. 

cos. 5° 54' 5.84' 

Log. cob. 51° 4' 59.77'= 9.798092 

Log. tan. 66° 85' = 10.842972 

Ar. co. log. cob. 5° 54' 6.84'= 0.002808 



{Cheek.) 



Log. tan. 54° 17' 24J' 10.143372 

. • . c = 108° 84' 49*' 

sin. A sin. B sin. C 



Bin. a sin. b sin c 

Log. Bin. 66° 69' 6.11* = 9.923516 
Log. sin. 76° =9.986904 

1.986612 

Log. Bin. 45° 10' 54.48' = 9.860858 Log. sin. 125° = 9.918365 

Log. Bin. 65° 10' = 9.914246 Log. sin. 108° 84' 49*' = 9.976753 

1.986612 f.986612 



Solve a spherical triangle when there are given the two sides and the 
included angle : 

Example 1. Sides 112° 80', 60° 15'; angle 85° 40'. 

An». Angles 142° 86' 17.7', 84° 47' 58.1'; side 62° 29' 57.4'. 
2. Sides 77° 41', 64° 16' ; angle 122° 18'. 

Ann. Angles 69° 59' 86.7', 46° 0' 49.2' ; side 107° 21' 2.7', 
8. Sides 140°, 113° 22' ; angle 110° 16'. 

Ans. Angles 142° 41' 68.2', 120° 3' 69.9' ; side 84° 17' 40.3' 
4. Sides 105°, 66°; angle 40°. 
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158. Case IV. — Two sides and an angle opposite 
one of these sides being known, to solve the triangle. 

The angle opposite the other given side can be found 
by means of Art. 138. 

The third side may be found by either of the for- 
mulas of Art. 143. Formula (a) should be preferred if 
i (a—b) is a small quantity, but formula (b) if £ (a+b) 
is near 90° (see remark under preceding Art.). 

The third angle may be found by either of the for- 
mulas of Art. 144. Formula (a) is to be preferred if 
£ (a— J) is a small quantity, but formula (b) if £ (a+b) is 
near 90° (on the principle given in remark of preceding 
Art.). 

As check use Art. 138. 

As the first required part is found from its sine, and 
as the sine of an acute angle and the sine of its supple- 
ment are the same, both in value and in sign, the part 
found may be either less than 90° or greater than 90° 
(Art. 46). 

In some examples, therefore, there may be two tri- 
angles having the given parts, and in such examples we 
shall obtain two solutions, each of which will be correct. 

This will be evident from the following figure. 

Suppose the given parts to be a, 5, and the angle A. 

Let the triangle be projected upon the plane of the 
base of the hemisphere, of which the circumference 
contains the side e as a part of it. Let CD be the pro- 
jection of the perpendicular from C (to the arc ABD). 

From tftwo arcs can be drawn to the circumference 
ABB\ each equal to a, one on each side of CD (Art. 
132). Thus the triangles ABC and ABC each con- 
tain the angle A, the side b, and the side a. 
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There will not always be two solutions under this 
case. For instance, if a+ J=180°, and A is given, B 
will be known, since ^L+^=180 o (Art. 136). 

159. Two sides and an angle opposite one of these 
being given, to determine whether the parts belong to 
one triangle or to two triangles; that is, whether there 
should be one solution or two solutions. 

Considering alone the sum of the given sides, we 
may bring all examples under three heads, as the sum 
of the given sides is : 

1. equalto 180°; 

2. less than 180° ; 

3. greater than 180°. 

Under all these heads there will be one solution if 
the given sides are equal (Ch. 23, VUL). 

In what follows, therefore, we shall consider the 
sides unequal. 

1. Let the sum of the given sides equal 180°. 

There will be one solution, since the sum of the 
opposite angles must equal 180° (Art. 136). 



SOLUTION OF OBLIQUE-ANGLED TRIANGLES. 193 

Thus, suppose a+i=180°, and A is given, then 
A+B=1S0°; therefore .ff=180°-^. 

2. Let the sum of the given sides be less than 180°. 

Suppose a-\-b < 180°, and A be the given angle : 

(a) Let a be >b; then there will be one solution. 

For suppose A to be >90°, then B must be <90° 
(Art. 136) ; but suppose A to be < 90°, then B must be 
<90°(Ch. 26, VIIL). 

(i) Let a be < J, sjnd A < 90 ; there will be two 
solutions, since B might have two values, one < 90 and 
greater than A y or another >90°, and therefore >A (Ch. 
26, VIIL), and A+B would still be <180.° (Art. 136). 

Thus, suppose a+fl<180°, and ^=85°, B might be 60° or 130°, 
as with either value A is <2?, and A + 2?< 180°. 

When a + 6<180°, and a is <6, and A is >90°, no triangle can be 
formed, for B would also be >90(Ch. 26, VIIL), and A-{-B would be 
>180°, which is impossible (Art. 136). 

The first and second classes of examples may be illustrated by the 
accompanying figure, which represents the surface of a hemisphere pro- 




jected upon the plane of its base (Art. 133). CAB represents a spherical 
triangle. CD represents the perpendicular from C to the circumference 
9 
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of the base of the hemisphere. ACB represents a semicircumference 
(Oh. Art. 82, VIII.). CE and CE represent two equal arcs. CB is 
an arc of a great circle, drawn from C, equal to CB (Art 132). 

1. a+6=180° =AC+CB. 

2. («)a+6<180°; (a> b t A(=E)>90°)=AC+ CE. 

(a> ft, A (=E) <9Q°)=AC+ CE'. 
(b) a+& <180°, a<6 and A<90°=EC+ CA, mE'C+CA. 

3. Let the sum of the given sides be greater than 
180°. 

(a) Suppose a+i > 180° and a ia < i. 

Now, whether A is < 90° or >90°, B must be >90°, 
and so there will be but one solution ; for 

If A is<90°, A+B >180° (Art. 136), and there- 
fore B must be >90°, and can have but one value, and 

If A is >90°, B is >A (Ch. 26, VIIL), and there- 
fore B must be >90°, and can have but one value. 

(h) If, now, a is > b and A >90°, B may be either 
< 90° or >90°, for, with either value of B, A+B might 
be >180°, and A>B (Ch. 26, VIIL), so that in this 
case there would be two solutions. 

Thus, suppose a+6>180°, a>b, and .4=110° ; B might be 16° or 
106°. With either value of B, A is > B, A + B> 180°. 

When a+6>180° and a is >fl, and .4<90°, no triangle is formed; 
for B must be <A, i. e., <90°, and A +B would be <180°, which would 
be impossible. . 

The last case, (8), when a + b> 1 80°, may also be illustrated by a figure. 

Let the hemisphere be projected upon the plane of its base (Art. 183). 

CA, CA', CE, and CB are all arcs of great circles drawn from C. 
CA and CA' are equal. CD is the longer perpendicular from C upon 
the circumference of the base of the hemisphere. 

(a) a+J>180° (a<b,A<90°)=CB+CA > 

(a<b,A>90°)=CB+CA'S { } ' 

(b) a+6>180°(a>6, A>90°)=CE+CA or CE+ CA'. 

Therefore, when two sides of a spherical triangle 
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and an angle opposite one of them are given (consider- 
ing only possible cases), 

If the sum of the given sides is less than 180°, and 
if the side opposite the given angle is less than the other 
given side ((J) 2), or, 

If the sum of the given sides is greater than 180°, 
and if the side opposite the given angle is greater than 
the other given side ((J) 3) : 

There will be two solutions ; in all other cases 
there will be one solution. 




Example. Suppose a=62° 40', b=1S° 13', and 4=44° 18'. 
As a+6=186° 66'<180°, and as A is <90°, there are two solu- 
tions. (See rule.) 

sin. b sin. A sin. 1S° 18' sin. 44° 18' 



Sin.£ = 



sin. a 



sin. 62° 42 
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Log. sin. 73° 18' =9.981095 

Log. flin. 44° 18' =9.844114 i (6+a)=67° 67' SO" 

Ar. co. log, sin. 62° 42' =0.051285 i (6-a)= 5° 15' 30" 

Log. bid. 48° 48' 20"=9.876494 

B= 48° 48' 20" i (# + ^)=46° 83' 10" 1 (&-£)= 2° 15' 10' 

B =181° 11' 40* i (B +.4)=87° 44' 60" i (B -u4)=43° 26' 60" 

Solving triangle ABC, 

m ,. cos. i (5* +-4) A , , zx cob. 46° 88' 10" A A „ K „ , OA . 
Tan. i e= 2-^- — -f tan.* (a +6)= --*- — ■ tan. 67° 67' 30" 

coe.H-B'-^) cob. 2° 16' 10" 

Log. cob. 46° 88' 10" = 9.887390 

Log. tan. 67° 57' 80" =10.392682 

Ar. co. log, cob. 2° 15' 10' = 0.000886 

Log. tan. 59° 81' 55;62"= 10.280408 
e=zAX=:119 Q 8' 51.25" 

«* ,•* cob. i(6+aK ,,„ « x cos. 67° 57' 30" .., M , IAl 
Cot * C = „ T/r x *»• * U-f^)= .,...,.. , tan. 46 83 10 

cob. -J (&— a) cos. 5 15 80 

Log. cob. 67° 67' 80" = 9.674856 

Log. tan. 46° 83' 10" =10.028561 

Ar. co. log, cob. 5° 15' 80" = 0.001832 



Log. cot. 68° 18' 14.26"= 9.599789 
C=ACB=lW 86' 28.62" 

Solving triangle ABC, 

m , Bin.i(£+^> w . , Bip I 87°44'50" 

Tan. i c= — — ' — tan.*(o— a)=- - — : — . tan. 5 15 SO 

* sin.i(^-^) * sin. 43° 26' 50" 

Log. sin. 87° 44' 50" =9.999664 

Log. tan. 5° 15' 80" =8.968947 

Ar. co. log, sin. 48° 26' 50" = 0.162610 

Log. tan. 7° 87' 0.6"=9.126221 

c=AB=15° 14' 1.25" 

°* * c = 8 ^tS^! -■ * v- A >= 1 Z Z Z ten - 48 * 26 ' » 

Bin. $ (b—a) sin. 5 15 SO 

Log. sin. 67° 57' 30" = 9.967038 

Log. tan. 43° 26' 50" = 9.976449 

Ar. co. log. sin. 5° 15' 30" = 1.037884 



Log. cot. 6° 57' 32.79"=10.981871 
C=ACB=:IV 66' 6.68" 
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, sin. B sin. ACS sin. ACB 

(Cheek.) — — . =— ; — r^r = — : — tz> 

sin. 6 sin. AB sin. AB 

Log. sin. 48° 48' 20' =9.876494 Log. sin. 186° 86' 28.52" =9.886948 
Log. sin. 78° 13' =9.981095 Log. sin. 119° 8' 51.25" = 9.94 1549 

1.895899 1.895399 

Log. sin. 11° 55' 5.58"=9.814952 
Log. sin. 16° 14' 1.25'= 9.419553 

1.896399 

Solve a triangle when there are given : 

Example 1. Sides, 62° 14', 50° 3' ; angle opposite latter, 35° 33'. 
Am. Angles, 131° 25' 9.6", 42° 9' 5.8" ; side, 98° 86' 12.1" ; 
or 11° 45' 18.8", 187° 50' 54.2"; or 15° 84' 49.7". 

2. Sides, 135° 10', 115°; angle opposite first, 143°. 
Ana. Angles, 60° 40' 44J", 23° 13' 18.6" ; side, 27° 80' 35.2" ; 
or 129° 19' 15J", 121° 27' or 91° 65' 50.5". 

8. Sides, 137° 2', 145°; angle opposite first, 151°. 

Am. Angles, 165° 56' 16.8", 137° 28' 16.4"; side, 71° 61' 40". 

4. Sides, 132° 10', 63° 20' ; angle opposite latter, 78° 20'. 

160. Case V. — Two angles and an included side of 
a spherical triangle being knoum, to solve the triangle. 

To find the half sum and half difference of the sides, 
use formulas of Art. 143. 

The sum of these differences will be the greater 
side ; the difference of these differences will be the less 
side. 

The third angle may be found by Art. 144. 

Use formula (a) if £ (a— J) is very small; but for- 
mula (b) if i (a+b) is near 90°. 

As check on work use (c) Art. 138. 

Thus, suppose the parts given are A, B } and e. 



m , / »x cos. \ (A—B) 

Tan. | (a+b) = ^-L- — ^ ten> ^ c 

v ' cob. ± (A+B) 

sin. i (A—B) 
tan. i (a-6) = - — ; ' tan. * c 

sin. £ (A+B) 



will give a and 6. 



198 THE ELEMENTS OF 8PHEBICAL TRIGONOMETBY. 

cos. -J (a— o) 

"*• * g= Mn 't! < " f fl «*»• i (A-*>, wiU give & 

sin. ■$ (a—~o) 

Solve a triangle when there are given : 

Example 1. Two angles, 33° 16', 12° 14' ; the included side, 49° 14'. 
Am. Sides, 88° 14' 16.8', 13° 49' 57.2* ; angle, 137° 60' 14.8". 

2. Two angles, 140° 10', 110° 2'; the included side, 125° 4'. 
Am. Sides, 188° 87' 68.8", W 45' 68.8"; angle, 127° 30' 12.8*. 

3. Two angles, 78°, 66° ; the included side, 59°. 

Am. Sides, 61° 83' 89.8", 48° 10' 69.3" ; angle, 72° 21' 81.8". 

4. Two angles, 150°, 110° ; the included side, 180°. 

5. Two angles, 40°, 82 ° ; the included side, 75°. 

161. Case VI. — Two angles and a side opposite one 
of the given angles of an oblique-angled spherical tri- 
angle being knovm, to solve the triangle. 

The side opposite the other given angle may be 
found by Art. 138. 

The third side may then be found by Art. 143. 

Use formula (a) if one half the difference of the 
given angles is a very small quantity, but use (J) if one 
half the sum of the given angles is near 90°. (See re- 
mark under Art. 157.) 

The third angle may be found by Art. 144. 

Use formula (a) if one half the difference of the 
sides opposite the given angles is a very small quantity, 
but use (b) if one half the sum of the same sides is 
near 90°. 

As check on work use Art. 138. 

As the first side is found by means of its sine, and 
as the sine of an angle and the sine of its supplement 
are the same (Art. 46), there may be two values given 
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to the side, either of which will satisfy the conditions of 
the problem. Consequently there may be two triangles 
with the given parts, and in such a case two solutions 
are possible, both of which will be correct. This will 
be evident from the accompanying figure, in which the 




surface of a hemisphere is represented as projected 
upon the plane of its base (Art. 133). 

Suppose the angles CAB and CBA and the side 
OB are the given parts. Let the arc CA be produced 
to meet the plane of the base of the hemisphere again 
at A', so that AC A' is a semicircumference (Ch. Art. 
32, VIII.). Suppose the given side CB is not equal to 
90° ; then C is not the pole of the base (Ch. Art. 37, 
VIII.). Since C is not the pole of the base, from C 
two arcs CB and CB f can be drawn to the base equal 
to one another (Art. 132). The angles CBB f and 
CB'B are equal (Ch. 23, VIII.) ; therefore their sup- 
plements CBA and CBA 1 are equal. Also A is equal 
to A' (Ch. 16, VIIL). 
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Thus we have two triangles CAB and CA'B' y 
which have two angles in one equal respectively to two 
angles in the other, and the side opposite one of the 
equal angles the same in both. The side opposite the 
other given angle of one is the supplement of the side 
opposite the equal given angle of the other. Thus, CA 
opposite CBA is the supplement of CA\ which is 
opposite CB'A' (the equal of CBA). 

162. Two angles and a side opposite one of these 
being given, to determine whether these parts belong to 
one or to two triangles / that is, whether we shall have 
one solution or two solutions from the given parts. 

From the given parts we may find the two sides 
and an angle opposite one of these sides in the polar tri- 
angle (Ch. Arts. 69 and 70, VIII.). There will be as 
many solutions for the triangle whose parts are given 
as for the polar triangle. But we have already consid- 
ered the case of the triangle of which two sides and an 
angle opposite one of these sides are given (Art. 158). 
By passing to the polar triangle we can then find (under 
Case IV. and Art. 159) how many solutions it has, and 
thus determine how many solutions the triangle under 
this case has. 

We can also ascertain this independently by refer- 
ring to Ch. 26, VIII., and to Art. 137 of this book. 

Thus, suppose the given parts are the angles A and 
By and the side a. 

The sum of the angles may be, 1. 180° ; 2. <180° ; 
or, 3. >180°. 

Under these three heads, if A=B> a=b (Ch. 24, 
VIII.), and there is one solution. 

In the following cases we shall suppose A and B 
unequal. 
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1. If A+B=1S0% a+b also equals 180° (Art. 137), 
and there can be but one solution. 

2. Let A+B be < 180° ; and 

(a) Let A be >B; there will be one solution ; for 
if a is <90°, b must be <a (Oh. 26, VIII.); and if 
a is >90°, b must be <90°, since a+&<180° (Art. 
137). 

(b) Let Abe < By and a<90°; then there will be 
two solutions, for as A is <B 9 a is <J ; but i-may have 
two values, one <90° but >a, and the other >90°, 
such that a+b< 180°. 

Thus, suppose A + -ff < 180°, and A <B and a=40° ; 6 might be 60° 
or 120°, for with either value a is <6 and a+6<180°. 

The case (under this head) in which A is <2? and a > 90°, is impos- 
sible, for HA is <-B',ais<6,.-.6isalso>90 ,thatis l a-f6>180 ,which 
is impossible (Art. 137). 

3. Let A+B be >180°, and 

(a) Let A be < B, then there will be one solution ; for 
if A <B> a< b (Ch. 26, VIIL) ; therefore if <*<90°, b 
must be >90°, so that a+b should be >180° (Art. 
137); or again, if 0>9O°, b must be >90°, because a 
is < b as by hypothesis A is <B (Ch. 26, VIII.). 

(b) Let A be > B, and a be >90° ; then there will be 
two solutions, for as A is > B y a is > b (Ch. 26, VIIL) ; 
but b may have two values, one < 90°, and therefore < a, 
or one >90°, but still <a, and a+J>180°.(Art. 137). 

Thus, suppose A + B>1&0°, and a to be 120°, and A>B> then b 
might be 75° or 106° ; with either value a is >6, and a+6>180°. 

The case (under this head) in which A is >2?, and a is <90°, is im- 
possible ; for as A is >2?, a must also be >6 ; therefore o must be <90°, 
that is, a+b is <180°, which is impossible (Art 187). 

Therefore (considering only possible cases), when two 
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angles of a spherical triangle and a side opposite one of 
them are given, 

If the sum of the given angles is less them 180°, amd 
the angle opposite the given side is less than the other 
given angle ((J) 2), or, if the swm of the given cmgles is 
greater than 180°, and the angle opposite the given side 
is greater than the other given angle ((b) 3), there will 
be two solutions; in aU other cases only one solution. 

The two angles of a triangle are 125° and 110°, and the aide opposite 
the first angle is 138°. It is required to solve the triangle. 
Let A = 125°, B = 110°, a = 133°. 
A+B >180°, and A\b>B; therefore there are two solutions. 




o 

o 



Q . . sin.^ . sin. HO „:„ 1Q o 

Sin. b = sin. a = — sin. 133 

sin. A sin. 125° 

Log. sin. 110° = 9.972986 

Log. sin. 183° = 9.864m 

Ar. co. log. sin. 126° = 0.086636 

Log. sin. 67° 1' 64.62" = 9.923748 
b=CA = 67° V 64.62* i (A + B)= 117° 80' 

b'= CA'= 122° 68' 6.38" . i(i-5)= 7° 80' 

To solve ABC 
i (a+6) = 96° 0' 67.31" 
i (a-b) = 37° 69' 2.69" 
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_ , cos.i(A+B) A ,, _ x cos. 11*7° 30' „„o,w**ot. 

Tan. i c = =-*- * tan. 4 (a +6) = — — — **»• 95 ° 57.81" 

cos. i (A-B) v ' cos. 7° 80' 

Log. cos. 117° 80' = 9.664406 

Log. tan. 95° 0' 57.31" = 11.056661 

Ar. co. log. cos. 7° 80' = 0.003731 

Log. tan. 79° 19' 89.48" = 10.724798 
c=.4i?=168 89' 18.96". 

_ cos.£(a+6) A , / j , m cos- 95° 0' 57.31" Q _, 

Cot. £ C = --; — -f tan. | (-4 + B) = — — - tan. 117 80 

cos. i (a— b) * v ' cos. 87° 69' 2.69" 

Log. cos. 95° 0' 67.31" = 8.941673 

Log. tan. 117° 30' = 10.283623 

Ar. co. log. cos. 37° 69' 2.69" = 0.103874 

Log. cot. 77° 68' 14.08" = 9.328670 
4C£=155°56' 28.16". 

To solve A' B C 
*(a+&') = 127° 69' 2.69" 
*(a-6') = - 5° 0' 57.31" „ ' 

Tan. i c' = C08 - U1 ° ™' talL 12 7° 59' 2.69" 
cos. 7° 30' 

Log. cos. 117° 30' = 9.664406 

Log. tan. 127° 69' 2.69" = 10.107439 

Ar. co. log. cos. 7° 30' = 0.003781 



Log. tan. 30° 48' 60.62f = 9.775576 
c , =zA'B , = 61° 87' 41.25". 

_ , ~ cos. 127° 59' 2.69" 

Cot. \ C = — —tan. 117° 30' 

cos. 5° 0' 67.31" 

Log. cos. 127° 69' 2.69" = 9.789187 

Log. tan. 117° 80' = 10.283523 

Ar. co. log. cos. 6° 0' 57.31" = 0.001667 

Log. cot. 40° 7' 3.26" = 10.074377 
A' C # = 80° 14' 6.62". 

sin. B sin. C sin. O 

{Check.) - — i = — = — 

x sin. b sin. c sin. c 

Log. sin. 110° = 9.972986 Log. sin. 155° 66' 28.16"= 9.610314 

Log. sin. 67° 1' 54.62" = 9.923748 Log. sin. 158° 39* 18.96"= 9.561076 

0.049238 0.049238 
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Log. tin. 80° 14' 6.52' = 9.993662 
Log. sin. 61° 37' 41.25" = 9.944424 

0.049238 

Solve a spherical triangle when there are giveu : 
Exjjcpli 1. Two angles, 55° 2', 68° 10' ; the side opposite the first 
angle, 48° 42'. 

Am. Sides, 58° 4' 68.6', 65° 26' 80.6" ; angle, 84° 5' 12.4* ; 
or 121° 55' 1.4', 160° 12' 23.8' ; or 158° 15' 61.1*. 

2. Two angles, 150° 22', 124° 12' ; the side opposite the first angle 
149° 20'. 

Am. Side?, 58° 38' 28*', 148° 88' 22' ; angle, 144° 50' 21.8* ; 
or 121° 26' 81f*, 73° 18' 86.6* ; or 111° 47' 4.9'. 

3. Two angles, 125°, 130° ; the side opposite the first angle, 114°. 

Am. Sides, 121° 18' 56.2', 98° 36' 17.2'; angle, 117° 33' 11.7*. 

4. Two angles, 12°, 25° ; the side opposite the second angle, 60°. 

SOLUTION OF OBLIQUE-ANGLED TRIANGLES BT MEANS OF 

EIGHT-ANGLED TRIANGLES. 

163. The preceding cases can all be solved by divid- 
ing the given triangle into two right-angled triangles, 
by drawing a great circle arc from one of the angles to 
the opposite side, or to the opposite side produced, and 
by then solving the two right-angled triangles. 

Care should be taken, in drawing the perpendicular, 
to make one of the right-angled triangles formed con- 
tain two of the three given parts. (Art. 116.) 

Case I. — The three sides being gwen. 

From the angle opposite the longest side draw a per- 
pendicular to that side. The side will be thus divided 
internally into two segments. The half difference of 
the two segments can be found by formula (a) of Art. 
142. This half difference added to the half side will 
give the greater segment ; and subtracted from the half 
side will give the less segment. We shall then have, 
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in each right-angled triangle, the hypotenuse and a side 
given to find the other parts. (Art. 120.) 

Case II. — The three angles being given. 

Find the sides of the polar triangle (Ch. Arts. 69 
and 70, VIII,) ; solve that by the method of the pre- 
ceding case ; the supplements of the angles found will 
be the required sides of the given triangle. 

Case III. — Two sides and an included angle being 
given. 

Suppose the given parts to be 
a y b, and C. Draw the perpen- 
dicular AD. Then in the tri- 
angle A CD we have the hypote- 
nuse and an angle, (7, to find CD 
(Art. 121). BD=a-CD. Then 
c can be found by 2, Art. 140. A and B can be found 
by Art. 138. The three last parts can also be found 
by finding all the parts of the two triangles A CD, BCD. 

Case IV. — Two sides and an angle opposite one of 
these sides being given. 

Suppose the given parts to be a, J, and A. Draw 
the perpendicular from C upon c or c produced. 





The figure represents one of the examples in which there are two 
solutions (see rule at the end of Art 159). We shall only give one solu- 
tion, as the method is the same in both solutions. 

To solve the triangle A CD we have given the hy- 
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potenuse b and the angle A (Art. 121). BD can be 
found by 2, Art. 140. Then to solve the triangle BCD 
we have given the hypotenuse a and the side BD 
(Art. 120). 

Cabe V. — Two angles and an included side being 
given. 

Suppose the given parts to be J., B, and c. Draw 

an arc from B perpendicular to b. 
To solve the triangle ABD we 
have the hypotenuse c and the an- 
gle A (Art. 121). This will enable 
* B us to find BD and the angle ABD. 
If BD falls within the triangle, 
CBD=B-ABD; if without the triangle, CBD= 
ABD—B. Then to solve CBD we have given the 
side BD and the angle CBD (Art. 123). 

Case VI. — Two angles and a side opposite one of 
these bemg given. 

(See rule at end of Art 162.) 

Suppose the given parts to be A, B, and a. Draw 
the perpendicular from C upon c (or upon c produced). 





To solve the triangle CBD we have given the hy- 
potenuse a and the adjacent angle (Art. 121). Having 
found BD, AD can be found by 1, Art. 140. A C can 
then be found by 2, 140. Or, by solving the triangle 
CBD we can find CD. Then to solve the triangle 
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ACD we have given a side, CD, and the opposite an- 
gle A (Art. 124). C will be the mm of A CD and BCD 
and c will be the 8wm of AD and BD^ if the perpen- 
dicular falls within, the triangle ; but C will be the 
difference of A CD and BCD, and c will be the differ- 
ence of J..Z? and DB', if the perpendicular falls without 
the triangle. 

164. It is well to solve oblique-angled triangles by 
right-angled triangles when there is any difficulty in 
arriving at a true solution by means of formulas ; for 
instance, when in Case I. 8 is very near 180°, or 8— a 9 
8 — b, or $ — c is very near 0°; when in Case II. S is very 
near 90° or 270°, or S-A, 8-B, orS-Ck very near 
90° ; when in Cases III. and IV. % (a+b) is very near 
90°, or i (a—b) is very near 0° ; when in Cases V. and 
VI. i (A+B) is very near 90°, or £ (J. — B) is very 
near 0°. 

It is sometimes advantageous to combine the two 
methods so as to check the work. 



THE END. 



A New and Valuable Work for the Practical Mechanic and Engineer. 



A DICTIONARY OF 

MECHANICAL ENGINEERING AND THE MECHANICAL ARTS. 

ILLUSTRATED BT 5,000 ENGRAVINGS. 

Edited by PARK BENJAMIN, Ph. D. 



CONTRIBUTORS. 



T. A. EDISON, Ph. D. 
BICHAKD H. BULL, 0. E. 
SAMUEL WEBBER, 0. E. 
Prof. DE VOLSON WOOD. 
CHARLES E. EMERY, C.S. 
JOSHUA ROSE, M. E. 
PIERRE dr P. RICKETTS, Ph.D. 
Hon. ORESTES CLEVELAND. 
W. T. J. KRAJEWSEI, 0. E. 
S. W. GREEN, Esq. 
JOHN BIRKINBINE, C. E. 
HENRY L. BREVOORT, C. E. 
Lieut. A. A. BOYD, U. 8. N. 



ABRAM L. HOLLEY, C. E. 
COLEMAN SELLERS, M. E. 
Prof. C. W. McCORD. 
IRVING M. SCOTT, Esq. 

p. a. Mcdowell, c e. 

H. A. MOTT. Jr., Ph.D. 
W. H. PAYNE, C. E. 
GEORGE H. BENJAMIN, M.D. 
THERON SKELL, C. E. 
WILLIAM KENT, C. E. 
W. E. KELLY, Esq. 
P. T. THURSTON, C. E. 
JOHN HOLLINGSWORTH, Esq. 



Appletons' Cyclopaedia of Applied Mechanics of 1879 is a new work, 
and not a revision of the former Dictionary of Mechanics of 1850. It 
aims to present the best and latest American practice in the mechanical 
arts, and to compare the same with that of other nations. It also exhibits 
the extent to which American invention and discovery have contributed 
to the world's progress during the last quarter century. Its production 
is deemed timely in view of the existing popular interest in the labors of 
the mechanic and inventor which has been awakened by the great Inter- 
national Expositions of the last decade, and by the wonderful discoveries 
made by American inventors during the past three years. 

The Contributors whose names are given above number many of the 
most eminent American mechanical experts and engineers. Several of 
their contributions contain, the results of original research and thought, 
never before published. Their efforts have in all cases tended to simplify 
the subjects treated, to avoid technicalities, and so to render all that is 
presented easily understood by the general reader as well as by the me- 
chanical student Examples are appended to all rules, explanations to 
all tables, and in such matters as the uses of tools and management of 
machines the instructions are unusually minute and accurate. 

In semi-monthly Farts, 50 cents each. 
Subscriptions received only for the entire work of Twenty-four Parts. 



D. APPLETON & CO., Publishers, 649 & 551 Broadway, New York. 



STANDARD TEXT-BOOKS OF SCIENCE, 

PUBLISHED BY 

D. APPLETON & CO., New York. 



PRICK. 

Atkinson's Ganot's Physios $8 00 

Bain's Mental Science. 1 50 

Bain's Moral Soienoe 150 

DosohaneTs Natural Philosophy. In one vol 5 70 

Part I. Mechanics, Hydrostatics, and Pneumatics 1 50 

Part II. Heat 160 

TIT. Electricity and Magnetism 1 50 

IV. Sound and Idght 1 50 

and Youmans's Physiology 1 50 

Coming's Class-Book of Physiology. 1 50 

Lookyer's Astronomy 1 50 

Nicholson's Geology 1 SO 

Nicholson's Zoology 1 50 

Morse's Pirst Book of Zoology 1 10 

Lyell's Geology, a vols. 8 00 

Quaokenbos's Natural Philosophy. 1 50 

Soienoe Primers. 

Physios 45 

Chemistry 45 

Geology 45 

Astronomy 45 

Physiology. 45 

Toumans's New Chemistry. 150 

Youmans's (Miss) Pirst Book of Botany .'. 85 

Youmans's (Miss) Second Book of Botany 1 80 

Henslow's Botanical Charts (Miss Youmans).. 15 75 



Descriptive Catalogues mailed, free, on application. 



D. APPLETON & CO.'S 



School and College Text-Books. 



ENGLISH. 

ALDEN. The Natural Speaker $110 

Elements of Intellectual Philosophy 1 10 

Studies in Bryant 45 

APFLETOirS' School Readers. First 36 

School Readers. Second. 40 

School Readers. Third 62 

School Readers. Fourth * 70 

School Readers. Fifth , 125 

BAIN'S English Composition and Rhetoric 1 60 

Mental Science 160 

Moral Science 1 60 

Logic, Deductive and Inductive 2 00 

BOJESEN and ARNOLD'S Manual of Grecian and Roman Antiqui- 
ties 1 70 

GOB'S Drawing Cards. In 10 parts Each, 25 

New Drawing Lessons. 4 parts Each, 26 

COE and SHELL'S Elementary Drawing. In 3 parts Each, 26 

Elementary Drawing. Complete in one 70 

COMING'S Glass-Book of Physiology 1 60 

Companion Class-Book 60 

CORNELL'S First Steps in Geography 40 

Primary Geography 65 

Intermediate Geography. New edition 1 30 

Grammar-School Geography. New edition 1 60 

Physical Geography 1 40 

High-School Geography and Atlas 2 50 

High-School Geography, separate 85 

High-School Atlas, separate 1 70 

Cards for the Study and Practice of Map-Drawing 45 

Series of Outline Maps 18 25 

Single Maps Each, 90 

Double Maps Each, 1 75 

The Key, separate >. 46 

GOVEL'S Digest of English Grammar 80 

CROSBY'S First Lessons in Geometry 45 



D. Appleton A Cb.'t School and College Text-Books. 



£1/8 Natural Philosophy. Complete $6 TV 

Natural Philosophy. 1. Mechanics, Hydrostatics, etc. 150 

Natural Philosophy. 8. Heat 150 

Natural Philosophy. 8. Electricity 1 60 

Natural Philosophy. 4. Sound and Light 1 60 

DEWS Digest of Ancient and Modern History 8 20 

PS Land Surveying 8 60 

Higher Surveying 8 80 

PS English Synonymes 1 80 

GREENE'S History of the Middle Ages 1 30 

Primary Botany 1 10 

Class-Book of Botany 170 

OT7IZOT*S History of Civilisation 180 

HADLEY. Twelve Lectures on Roman Law 180 

HAND-BOOK of Anglo-Saxon Boot- Words 86 

of Anglo-Saxon Derivations 110 

of the Engrafted Words of the English Language 180 

HASWEIX'S Book-keeping 8 00 

Blanks for the same 170 

BENSLOW'S Botanical Charts Per set, 15 75 

Key to do 35 

HISTORY PRIMERS. Edited by J. B. Green : 

Greece. By C. A. Fyffe 45 

Borne. By M. Creighton 45 

Europe. By E. A. Freeman 46 

Old Greek Life. By J. P. MahaJTy 45 

Geography. By George Grove 45 

Boman Antiquities. By A. S. Wilklns 45 

England. By J. R. Green (In press.) 

France. By Charlotte M. Yonge (In press.) 

PICTURES of English Poets 85 

L'S Penmanship Per dozen, 1 80 

HOWS'S Historical Shakespearian Header 180 

Shakespearian Reader 1 80 

HUXLEY and YOTJMANS'S Elements of Physiology and Hygiene . 1 50 

JACOBS'S Learning to Spell, to Read, to Write, and to Compose 65 

The same, in two volumes 1 10 

JAEGER'S Class-Book in ZoSlogy 45 

KEtaHTXEY'S Mythology of Greece and Rome 65 

KOPPEITS Historical Geography 8 00 

KBUSI'S System of Free-Hand and Industrial Drawing: 

Synthetic Series. -Four Books Each, 18 

Analytical Series. Six Books Each, 82 

Perspective Series. Four Books Each, 27 

Advanced Perspective and Shading Series. Four Books. 

Nos. 1 and 8 Each, 2T 

Nob. 3 and 4 Each, 85 

Manuals. (One to each Series.) . . Cloth, each, 65c. ; paper, each, 50 



• • 



D. Appleton <k Co.'s School and College Text-Books. 

Textile Designs. Six Books .. Per set, $2 00 

Mechanical. Six Books Per set, 2 00 

Industrial Series. •( Architectural. Nine Books. Per set, 4 00 

Machinery (In press.) 

Outline and Belief Designs (In press.) 

Jj ATHAM'S Hand-Book of the English Language 1 60 

LITERATURE PRIMERS. Edited hy J. B. Green : 

English Grammar. By R. Morris \ 45 

English Literature. By Stopford Brooke 45 

Philology. By J. Peile 45 

Classical Geography. ByH. F. Tozer 46 

Shakespeare. By Edward Dowden 45 

Greek Literature. ByR. C. Jebb 45 

English Grammar Exercises. By R. Morris 45 

Studies in Bryant. ByJ.Alden 45 

Homer. By W. E. Gladstone 45 

IiOGKYER'S Elementary Lessons in Astronomy 1 50 

MAOATTULT'S Biographical Sketches 85 

MANDEVTLLE'S Elements of Reading and Oratory 110 

Course of Reading 110 

MANGNALL'S Historical Questions 180 

MAROET. Mary's Grammar 1 10 

MARKHAM'S School History of England 1 80 

MARSH'S Course of Practice in Single Entry Book-keeping 1 70 

A Set of Blank Books for ditto 1 80 

Science of Double Entry Book-keeping 2 80 

A Set of Blank Books for ditto 180 

Bank Book-keeping and Joint Stock Accounts. ...: 6 00 

MARSHALL'S Book of Oratory 80 

First Book of Oratory 110 

MODEL COPY-BOOKS. In Six Numbers Per dozen, 1 55 

MORSE'S First Book in Zoology 1 10 

MTJLLIGA1P8 Exposition of English Grammatical Structure 1 70 

MTJNSELL'S Psychology t TO 

NICHOLSON'S Text-Book of Zoology 150 

Text-Book of Geology 1 80 

Introduction to the Study of Biology 65 

NORTHEND'S Memory Gems SO 

Choice Thoughts 80 

OTIS'S Drawing-Books of Landscape. Six Parts 2 60 

" " Parts I., II., and m Each, 40 

" " Parts IV., V., and VI Each, 60 

" u The same in 1 volume Cloth, 8 00 

_ Drawing-Books of Animals. Five Parts 2 60 

» u Parts I. and II Each, 45 

" " Part in 50 

'• •* PartsIV. andV Each, 65 

" " The same, in 1 volume Cloth, 8 00 



D. Appleton & Cb.'t School and College Text-Books. 



PERKINS'S Elementary Arithmetic $0 66 

Practical Arithmetic 1 10 

Key to ditto 1 30 

Elementary Geometry 1 10 

Plane and Solid Geometry 1 70 

Elements of Algebra 1 90 

Treatise on ditto 1 70 

Plane Trigonometry and Surveying 1 70 

PRBNDBBCrAST'S Hand-Book to the Mastery Series 45 

PUTZ and ARNOLD'S Manual of Ancient Geography and History. . . 1 80 

Medisral Geography and History 180 

Modern Geography and History 1 80 

QUAOKBNBOB'S Primary Arithmetic B 

Mental Arithmetic 85 

Elementary Arithmetic 40 

Practical Arithmetic 80 

Parti 45 

Practical Arithmetic. Part II 45 

Key to ditto 18 

Higher Arithmetic 110 

Key to ditto 65 

First Lessons in English Composition ;• 80 

Advanced Course of Composition and Rhetoric — 1 80 

Primary History of the United States. (Old edition.) 80 

Elementary History of the United States. (Newed.) 65 

American History for Schools 1 85 

History of the United States for Schools 1 80 

Primary Grammar 45 

English Grammar : 80 

Natural Philosophy „ 150 

Illustrated School History of the World 1 50 

Illustrated Lessons in onr Language 55 

RlUiyS Dictionary of the English Language 1 1G 

RIOHARDS'S Elements of Plane Trigonometry 75 

RICORD'S Youth's Grammar 85 

ROBBING'S daas-Book of Poetry 1 10 

Guide to Knowledge 85 

ROEMER'S Polyglot Reader and Guide for Translation 1 80 

SCHMIDT'S Course of Ancient Geography... 1 10 

SCIENCE PRIMERS : 

Chemistry. ByH.E.Roscoe 45 

Physics. By Balfour Stewart 45 

Physical Geography. By Archibald Gelkie 46 

Geology. By Archibald Geikie 45 

Physiology. By M. Poster 45 

Astronomy. By J. Norman Lockyer 45 

Botany. ByJ.D. Hooker 46 

Logic. ^yW.S.JevonB 45 



D. Appleiofi & Co. 1 * School and College Text-Book*. 



SCIENCE PRIMERS: 

Inventional Geometry. By W. 6. Spencer $0 46 

Pianoforte Flaying. By F.Taylor 45 

Political Economy. ByW. S. Jevons 45 

SEWELI/S First History of Greece 65 

First History of Rome 65 

SPAIiDINGPS History of English Literature 1 80 

TAPPAN'S Elements of Logic 1 80 

TAYLOR'S (BAYARD) School History of Germany 1 50 

TENNEY'S Grammatical Analyzer 1 80 

WEBSTER'S Elementary Spelling-Book 15 

Elementary Reader 15 

WLLLARD'S Synopsis of General History 2 00 

WTTiTiTAMS and PACKARD'S Gems of Penmanship 6 00 

WILLIAMSON'S Elementary Treatise on Differential Calculus 8 75 

Elementary Treatise on Integral Calculus 8 75 

WILSON'S Elementary Treatise on Logic 180 

WINSLOWS Elements of Moral Philosophy 1 80 

WORTHE1TS First Lessons in Mechanics 65 

Rudimentary Drawing 65 

WRIGHT'S Primary Lessons 25 

YOTJMANS'S (Professor) Class-Book of Chemistry 1 60 

(Eliza A.) First Book of Botany 85 

Second Book of Botany 1 30 

Botanical Charts 15 75 

Key to same 25 



Elementary Works on Mechanical and Physical Science, forming 

a Series of 

TEXT-BOOKS OF SCIENCE, 

ADAPTED VOB THE Dll OF 

ARTISANS AND STUDENTS IN PUBLIC AND SCIENCE SCHOOLS. 



BDITBD BY 



Prof; T. I. 600DEVK, I. A., aid C. W. MERRIPIELD, F. K. 8. 

Fully illustrated, and handsomely printed in lGmo. Price, cloth, $1.50 per 

volume, with the exception of a single volume of nearly 400 pages, the 

price of which is $160. Sixteen volumes of the series have been 

published, and others are in preparation. 

D. APPLETON & CO., Publishers, 

549 & 551 Broadway, New York. 



GET THE BEST. 



DICTIONARIES OF MODERN LANGUAGES. 



FRENCH. 

JEWETTS Spters's French Dictionary. 8m Half bound (formerly $8.50).$8 00 

School edition. 12mo. Half bound (formerly $2.00) 2 00 

MA8SON 1 S Compendious French-English and English-French Dictionary. 
With Etymologies in the French part; Chronological and Historical 
Tables, and a List of the Principal Diverging Derivations. One 16mo 
vol. of 41 6 pages. New, clear type. Half bound 2 00 

MEADOWS'S French-English and English-French Dictionary. Revised 
and enlarged edition. 1 vol., ISino 2 00 

SPIERS & SUKENNE'S Complete French-and-English and English-and- 
French Dictionary, with Pronunciation, etc One large 8vo vol, of 
1,490 pages. Half morocco (formerly $6.00) 5 00 

— — Standard Pronouncing Dictionary of the French and English Lan- 
guages. (School edition.) Containing 978 pp. 12mo. New and large type 2 50 

BUBENNE'S French-and-EngHsh Dictionary. 16mo. 566 pp 1 25 

GERMAN. 

ADLEB^S German-and-Engnsh and Enghsh-and-German Dictionary. Com- 
piled from the best authorities. Large 8vo. Half morocco (formerly 
§6.00) 5 00 

Abridged German-and-EngUah and English-and-Qerman Dictionary. 

840 pages. 12mo 2 50 

ITALIAN. 

MEADOWS'S Italian-English Dictionary. 16mo. Half bound 2 00 

• The same. A new revised edition. Half bound 2 50 

MILLHOUSE'S New English-and-Italian Pronouncing and Explanatory 
Dictionary. Second edition, revised and improved. Two thick vols., 
small Svo. Half bound 6 00 

SPANI8H. 

AffEADOWS'S Spanish-English and English-Spanish Dictionary. 18mo. 
Half roan 2 50 



VELASQUEZ'S Spanish Pronouncing Dictionary. Spanish-English and 
English-Spanish. Large Svo vol.. 1,800 pages. Neat type, fine paper, 
and strong binding in half morocco. 6 Of 



Abridged edition of the above. Neat 12mo vol. 888 pages. Half 

bound 2W 

D. A PPL ETON & CO., 549 &> 551 Broadway. N. K. 
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EDUCATIONAL WORKS. 



Literature Primers i 

English Graaaar. By Dr. R. Morris. 

English literature* By Rev. Stopford Brooke. 

Latlm literature. By Rev. Dr. F. W. Farrar. 

Philology. By J. Peile, M. A. 

Greek literature. By R. G. Jebb, M. A. 

Bltle Primer. By George Grove, Esq. 

Classical Geography. By H. F. Tozer, M. A. 

Shakspere. By Edward Dowden, LL. D. 

Studies li Bryant. By Joseph Alden, LL. D. 
Leckyer's Elementary Lessens In Astronomy. 

Astronomy. (Science Primer.) 

Mareet's (Mrs.) Mary's Grammar. 
Markham's School History of England. 
Marsh's Single Entry Beok-Keeplng, and Blank-Books for 
ditto. 

Double Entry Book-Keeplng, and Blank-Books for 



ditto. 



Bank-Book-Keepiug and Joint-Stock Accounts. 



Merivale's General History of Roae. 

Model Copy-Books, in Six Numbers. With Sliding Copies. 

Morse's First Book in Zoology. 

Mulligan's Structure of the English Language. 

Mnnsell's Psychology. 

Nicholson's Text-Book of Zoology. 

Text-Book of Geology. 

Biology. 

Otls's Drawing-Book of Landscape. 

Drawing-Book of Animals. 

Quackenbos's Primary Arithmetic 
Elementary Arithmetic 

Practical Arithmetic 

Key to ditto. 

Mental Arithmetic 

Hlgtafcr Arithmetic 

ley to ditto. 

First Lessons in English Composition. 

Vdvaneed Course of Composition and Rhetoric 

Elementary History of the Halted States. With Maps. 

Yew American History. 

History of the United States for Schools. 

Primary Grammar of the English Language 

English Grammar. 12mo. 



EDUCATIONAL WORKS. 



Qaaekeakos's Nataral Philosophy. 12mo. 

Illustrated Lessons in otr Language; or, How to 

Speak aid Write Correctly. 12mo, cloth. 

Illustrated School History of the World, from the 



Earliest Ages to the Present Time* By John D. Quack- 
enbos, A. M., M. D. 1 vol., 12 mo. 
Rohhlns's (EUza) Class-Book of Poetry. 

Guide to Knowledge. 

Science Primers s 

Chemistry. By Prof. Roscoe. 

Physics. By Prof. Balfour Stewart. 

Physical Geography. By Archibald Geikie, LL. D.. 
F. R. S. 

Geology. By Archibald Geikie, LL. D., F. R. S. 

Physiology. By M. Foster, M. A., M. D., F. R. S. 

Astronomy. By J. Norman Lockytr, F. R. A.S. 

Botany. By Dr. J. D. Hooker. 

Logic By W. S. Jevons. 

Intentional Geometry. By Spencer. 
Se well's First History of Greece. 18mo. 

First History of Rome. 18mo. 

Spalding's History of English literature. 12mo, cloth. 
Tappan's Elements of Logic. 
Taylor's (Bayard) School History of Germany. 
Taylor's Hannal of Ancient and Modern History. 

— . Ancient History, separate. 8vo. 

Modern History, separate. 8vo. 

Webster's Elementary Spelling-Rook. 

Elementary Reader. 

Wilson's Elementary Treatise on Logic Cloth. 
WlnslowY Elements of Moral Philosophy. 12 mo. 
Tonmans's Class-Book of Chemistry. 

Hand-Rook of Honsehold Science. 

Tonmans's (Eliza A.) First Book of Botany. 
Second Book of Botany. 12 mo. 



D. APPLETON & CO., NEW YORK, 
Will send a Desoriptive Catalogue 

Of English, Latin, Cheeky French, Spanish, Italian, Hebrew, 
and SuruBJZbs^MJm*4m&p*^^bnng for it. 




